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Filed: 9,245,674 Assignee: Rare-earth permanent magnetic powder, bonded magnet, and device
March 28, Grirem Advanced comprising the same
2011 Materials Co., Ltd.

(Beijing, China) Abstract
Issued: A rare-earth permanent magnetic powder, a bonded magnet, and a device
January 26, comprising the bonded magnet are provided. The rare-earth permanent
2016 magnetic powder is mainly composed of 7-12 at % of Sm, 0.1-1.5 at % of M,

10-15 at % of N, 0.1-1.5 at % of Si, and Fe as the balance, wherein M is at

Expires: least one element selected from the group of Be, Cr, Al, Ti, Ga, Nb, Zr, Ta,
March Mo, and V, and the main phase of the rare-earth permanent magnetic powder
2031 is of ThCu.sub.7 structure. Element Si is added into the rare-earth permanent

magnetic powder for increasing the ability of SmFe alloy to from amorphous
structure, and for increasing the wettability of the alloy liquid together with the
addition of element M in a certain content, which enables the alloy liquid
prone to be injected out of a melting device. The average diameter of the rare-
earth permanent magnetic powder is in the range of 10-100 .mu.m, and the
rare-earth permanent magnetic powder is composed of nanometer crystals
with average grain size of 10-120 nm or amorphous structure.

What we claim is:

1. A rare-earth permanent magnetic powder, wherein the rare-earth permanent
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magnetic powder consists essentially [presumptive composition of matter] of
7.about.12 at % 0 of Sm, Fe, M, 0.1.about.1.5 at % Si and 5.about.20 at % of
N, Fe is as the balance, M consists essentially of 0.1.about.3 at % of Zr and
0.1.about.1.5 at % of R, wherein R is selected from the group consisting of Be,
Cr, Al, Ti, Ga, Nb, Ta, Mo, and V, part of element Sm in the rare-earth
permanent magnetic powder is replaced by other rare-earth elements and the
other rare-earth accounts for 0.about.10 at %, part of element Fe in the rare-
earth permanent magnetic powder is replaced by element Co and Co accounts
for 0.about.30 at %, and at least 80 vol % of the rare-earth permanent magnetic
powder is ThCu.sub.7 phase, and wherein the atomic ratio of R to Zr is in the

range of 0.05.about.0.5.
Filed: 9,242,296 Assignee: Rare earth magnet material and method for producing the same
September KABUSHIKI
10, 2010 KAISHA TOYOTA Abstract

CHUO KENKYUSHO

Issued: (Nagakute, Japan) A method for producing a rare earth magnet material which allows efficient Dy
January 26, or the like diffusion into an inside thereof. This method includes a preparation
2016 step of preparing a powder mixture of magnet powder including one or more

rare earth elements including neodymium, boron, and the remainder being
Expires: iron; and neodymium fluoride powder; a heating step of heating a compact of
September the powder mixture and causing oxygen around magnet powder particles to
2030 react with the fluoride powder, thereby obtaining a lump rare earth magnet

material in which neodymium oxyfluoride is wholly distributed. The fluoride
powder traps oxygen enclosed in the powder mixture and fixes the oxygen as
stable NdOF. When Dy is diffused into this rare earth magnet material, Dy
smoothly enters into its inside without being oxidized at grain boundaries.
Consequently, coercivity of the entire rare earth magnet material can be
efficiently increased without wasting scarce Dy
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The invention claimed is:

1. A method for producing a rare earth magnet material, [presumptive
process/method]:comprising: a preparation step of preparing a powder
mixture of: magnet powder being powder of a magnet alloy comprising a first
rare earth element (hereinafter referred to as "R1") which is one or more rare
earth elements, boron (B), and the remainder being iron (Fe) and inevitable
impurities with or without a reforming element; and fluoride powder being
powder of a fluoride, at least one of the magnet powder and the fluoride
powder containing neodymium (Nd); a heating step of heating a compact of
the powder mixture, thereby obtaining a lump rare earth magnet material in
which neodymium oxyfluoride which is a reaction product of oxygen or an
oxide in the vicinity of particles of the magnet powder and the fluoride is
distributed over all parts including not only a surface part but also an inner part
thereof; and a diffusing step of diffusing a diffusing element comprising a third
rare earth element (hereinafter referred to as "R3") which is one or more rare
earth elements, from a surface to the inner part of the rare earth magnet
material, wherein the diffusing element is dysprosium (Dy) or terbium (Th), a
ratio of fluoride powder to be mixed in the magnet powder relative to 100
atomic % of the total powder mixture is 0.1 to 10 atomic %, and the preparing
step comprises adjusting the amount of the fluoride powder to be mixed in the
powder mixture in accordance with an estimated amount of oxygen atoms to
be contained in the rare earth magnet material

Filed: 9,230,733 Assignee: TOYOTA Method for manufacturing rare-earth magnet
January 25, JIDOSHA
2013 KABUSHIKI Abstract

KAISHA Provided is a manufacturing method of a rare-earth magnet with high coercive
Issued: force, including a first step of pressing-forming powder as a rare-earth magnet
January 5, (Aichi, Japan) material to form a compact S, the powder including a RE-Fe--B main phase
2016 MP (RE: at least one type of Nd and Pr) and a RE-X alloy (X: metal element)

grain boundary phase surrounding the main phase; and second step of bringing
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Expires: a modifier alloy M into contact with the compact S or a rare-earth magnet
January precursor C obtained by hot deformation processing of the compact S,
2033 followed by heat treatment to penetrant diffuse melt of the modifier alloy M

into the compact S or the rare-earth magnet precursor C to manufacture the
rare-earth magnet RM, the modifier alloy including a RE-Y (Y: metal element
and not including a heavy rare-earth element) alloy having a eutectic or a RE-
rich hyper-eutectic composition.

What is claimed is:

1. A method [presumptive process/method]: for manufacturing a rare-earth
magnet, comprising the steps of: first step of pressing-forming powder as a
rare-earth magnet material to form a compact, the powder including a RE-Fe-
B main phase and a RE-X alloy grain boundary phase surrounding the main
phase, wherein RE is at least one type of Nd and Pr, and X is a metal element;
and second step of bringing a modifier alloy into contact with the compact,
followed by heat treatment to penetrant-diffuse melt of the modifier alloy into
the compact to manufacture the rare-earth magnet, the modifier alloy
including a Nd--Pr--Cu alloy or a Nd--Pr--Al alloy as an alloy having a
eutectic composition including Nd and Pr or a Nd, Pr-rich hyper-eutectic
composition, and the heat treatment in the second step is performed at a
temperature in a range of from 480 to 580.degree. C

Filed: July | 9,230,721 Assignee: Method for preparing R-Fe-B-based rare earth magnetic powder for a bonded
1, 2011 Korea Institute of magnet, magnetic powder prepared by the method, method for producing a

Machinery and bonded magnet using the magnetic powder, and bonded magnet produced by
Issued: Materials the method
January 5,
2016 (Daejeon, Korea) Abstract

A method of preparing R--Fe--B-based rare earth magnetic powder for a

Expires: bonded magnet and magnetic powder prepared thereby, and a method of
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July 2031 manufacturing a bonded magnet using magnetic powder and a bonded magnet
manufactured thereby. Further, a method of preparing R--Fe--B-based rare
earth magnetic powder having improved magnetic properties including
grinding rare earth sintered magnet products as a raw material, performing a
hydrogenation process where a ground product is charged into a furnace, and
the furnace is then filled with hydrogen and a temperature of the furnace is
increased, performing a disproportionation process where the temperature of
the furnace is further increased in the same hydrogen atmosphere above,
performing a desorption process where hydrogen is exhausted from an inside
of the furnace, and performing a recombination process where hydrogen in the
inside of the furnace is exhausted, and magnetic powder prepared thereby, and
a method of manufacturing a bonded magnet.

The invention claimed is:

1. A method of preparing [presumptive process/method] R--Fe--B-based rare
earth magnetic powder having improved magnetic properties, the method
comprising: coarse grinding rare earth sintered magnet products as a raw
material; performing a hydrogenation process in which a ground product
obtained through the coarse grinding is charged into a tube furnace, and the
tube furnace is then filled with hydrogen and a temperature of the tube furnace
is increased; performing a disproportionation process in which the temperature
of the tube furnace is further increased in the same hydrogen atmosphere as
that of the hydrogenation process; performing a desorption process in which
hydrogen is exhausted from an inside of the tube furnace; and performing a
recombination process in which hydrogen in the inside of the tube furnace is
vacuum exhausted after the desorption process is performed, wherein the
recombination process is performed after the desorption process and the
disproportionation process and desorption process are repeated one time.

2. The method as set forth in claim 1, wherein the rare earth sintered magnet
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products, are process scraps generated during manufacturing processes of rare
earth magnets and R--Fe--B-based rare earth sintered magnet products
recovered from defective products or wasted products.

Filed: May | 9,224,526 Assignee: Utron Magnet construction by combustion driven high compaction
24, 2011 Kinetics, LLC
Abstract
Issued: (Manassas, VA
December USA) A neo magnet is constructed by mixing a neo magnet powder with about 1%
29, 2015 added two-part electrical insulating resin powder. The mixed powders are
placed in a die and precompacted under about 20 tsi when filling a combustion
Expires: chamber with a pressurized combustible gas and air mixture. The gas is ignited
May 2031 and rapidly drives a punch in to the die forming a solid magnet having a

density of 6.1 g/cm.sup.3 or more. The solid magnet is heat treated to cure the
resin and is coated with a polymer, zinc, aluminum or gold. Before
precompacting a lubricated core rod in place in the die producing a thin-
walled, neo ring magnet having a length to wall thickness aspect ratio.

We claim:

1. Composition [presumptive composition of matter], comprising a compact
thin walled rare earth magnet made of a composite powder and 1% by weight
of epoxy resin precompressed at about 20 tons per square inch and compressed
at 150 tons per square inch to a density greater than or equal to 6.1
grams/cm.sup.3 and heat treated to a curing temperature of the resin, wherein
the composite powder comprises a samarium--cobalt alloy powder, wherein
powder comprises about 85-95% by weight 4,4'-1sopropylidenediphenol-
epichlorohydrin polymer and about 1-10% by weight cyanoguanidine.

2. The composition of claim 1, wherein the magnet is coated with zinc, nickel
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or gold plating.

3. The composition of claim 1, wherein the magnet has a ring shape and has a
length to wall thickness aspect ratio of about 16.7 or more and a density of
about 6.10 g/cm.sup.3 or more

Filed: 9,212,409 Assignee: Mixture of powders for preparing a sintered nickel-titanium-rare earth metal
January 18, Cook Medical (Ni-Ti-RE) alloy
2013 Technologies LLC
(Bloomington, IN, Abstract
Issued: USA)
December A mixture of powders for preparing a sintered nickel-titanium-rare earth (Ni--
15, 2015 University of Limerick | Ti--RE) alloy includes Ni--Ti alloy powders comprising from about 55 wt. %
(Limerick, Ireland) Ni to about 61 wt. % Ni and from about 39 wt. % Ti to about 45 wt. % Ti, and
Expires: RE alloy powders comprising a RE element.
January
2033 The invention claimed is:

1. A mixture of powders [presumptive composition of matter], for preparing
a sintered nickel-titanium-rare earth (Ni--Ti--RE) alloy, the mixture
comprising: Ni--Ti alloy powders comprising from about 55 wt. % Ni to about
61 wt. % Ni and from about 39 wt. % Ti to about 45 wt. % Ti and comprising a
mixture of first and second binary alloy powders of different weight
percentages of Ni and Ti; and RE alloy powders comprising a RE element.

2. The mixture of claim 1, wherein the first binary alloy powders comprise
about 56 wt. % Ni and about 44 wt. % Ti and the second binary alloy powders
comprise about 60 wt. % Ni and about 40 wt. % Ti.

3. The mixture of claim 1, wherein a weight ratio of the first binary alloy
powders to the second binary alloy powders is from about 70:30 to about
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30:70.

4. The mixture of claim 3, wherein a weight ratio of the first binary alloy
powders to the second binary alloy powders is about 40:60 to about 50:50.

5. The mixture of claim 1, wherein the RE alloy powders comprise at least one
additional element.

6. The mixture of claim 5, wherein the at least one additional element is a
dopant element or an additional alloying element selected from the group
consisting of: B, Al, Cr, Mn, Fe, Ni, Co, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Tc, Ru,
Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI, Pb, Bi, Po, V,
other rare earth elements, and Y.

16. A method of forming a sintered nickel-titanium-rare earth (Ni--Ti--RE)
alloy, the method including: adding Ni--Ti alloy powders and RE alloy
powders to a powder consolidation unit including an electrically conductive
die and punch connectable to a power supply, the Ni--Ti alloy powders
including from about 55 wt. % Ni to about 61 wt. % Ni and from about 39 wt.
% Ti to about 45 wt. % Ti and comprising a mixture of first and second binary
alloy powders of different weight percentages of Ni and Ti, the RE alloy
powders including a RE element; heating the powders to a sintering
temperature of from about 730.degree. C. to about 840.degree. C.; applying a
pressure of from about 60 MPa to about 100 MPa to the powders at the
sintering temperature; and forming a sintered Ni--Ti--RE alloy.

20. The method of claim 16, further including hot working the sintered Ni--Ti-
-RE alloy at a temperature of at least about 730.degree. C. to form a hot
worked Ni--Ti--RE alloy component, and further including cold drawing the
hot worked Ni--Ti--RE alloy component to form a Ni--Ti--RE alloy wire
having a diameter of about 2 mm or less.
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Filed: May | 9,196,403 Assignee: Powder for magnetic member, powder compact, and magnetic member
10, 2011 SUMITOMO
ELECTRIC Abstract
Issued: INDUSTRIES, LTD.
November (Osaka, Japan) The present invention provides a powder for a magnetic member being
24, 2015 excellent in moldability and difficult to oxidize, a powder compact produced
from the powder, and a magnetic member suitable for a raw material of a
Expires: magnetic member such as a rare earth magnet. A powder for a magnetic
May 2031 member includes magnetic particles 1 which constitute the powder for a

magnetic member and each of which is composed of less than 40% by volume
of a hydrogen compound 3 of a rare earth element, and the balance composed
of an iron-containing material 2 which contains iron and an iron-boron alloy
containing iron and boron. The hydrogen compound 3 of a rare earth element
is dispersed in a phase of the iron-containing material 2. An antioxidant layer 4
having a low-oxygen permeability coefficient is provided on the surface of
each of the magnetic particles.

The invention claimed is:

1. A powder [presumptive composition of matter]for a magnetic member
used for a raw material, the powder comprising: magnetic particles which
constitute the powder for a magnetic member, wherein: each of the magnetic
particles is composed of less than 40% by volume of a hydrogen compound of
a rare earth element, and the balance composed of an iron-containing material,
the iron-containing material contains iron and an iron-boron alloy containing
iron and boron, the hydrogen compound of a rare earth element is dispersed in
a phase of the iron-containing material, an antioxidant layer having an oxygen
permeability coefficient (30.degree. C.) of less than 1.0.times.10.sup.-11
m.sup.3m/(sm.sup.2Pa) is provided on the periphery of each of the magnetic
particles, the antioxidant layer is composed of a resin, the rare earth element is
at least one selected from the group consisting of Nd, Pr, Ce, and Y, a heat-
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resistant precursor layer is provided on the surface of each of the magnetic
particles, and the heat-resistant precursor layer includes a rare earth source
material composed of at least one of a compound and an alloy which contains
at least one rare earth element of Dy and Tb and does not contain oxygen, and
the antioxidant layer which covers at least a portion of the rare earth source
material.

7. The powder for a magnetic member according to claim 1, wherein the rare
earth source material is at least one selected from the group consisting of
hydrides, iodides, fluorides, chlorides, bromides, intermetallic compounds, and
alloys thereof.

8. The powder for a magnetic member according to claim 1, wherein the rare
earth source material is granular, and particles of the source material are fixed
to the surface of each of the magnetic particles through the antioxidant layer

Filed: 9,190,196 Assignee: TOYOTA Rare earth magnet and manufacturing method therefor
December JIDOSHA
16, 2010 KABUSHIKI Abstract
KAISHA

Issued: A rare earth magnet of the invention has a composition represented by the
November (Aichi-ken, Japan) compositional formula R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f,
17, 2015 where: R is at least one rare earth element including Y; H is at least one heavy

rare earth element from among Dy and Th; M is at least one element from
Expires: among Ga, Zn, Si, Al, Nb, Zr, Ni, Cu, Cr, Hf, Mo, P, C, Mg, and V;
December 13.Itoreq.a.ltoreq.20; 0.1toreq.b.Itoreq.4; c=100-a-b-d-e-f; 0.ltoreq.d.ltoreq.30;
2030 4.Itoreq.e.ltoreq.20; 0.ltoreq.f.Itoreq.3, and has a structure constituted by a

main phase: a (RH).sub.2(FeCo).sub.14B phase, and a grain boundary phase: a
(RH)(FeCo).sub.4B.sub.4 phase and a RH phase, with a crystal grain size of
the main phase of 10 nm to 200 nm.

The invention claimed is:
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1. A rare earth magnet comprising [presumptive composition of matter] : a
composition represented by the compositional formula
R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f, where: a, b, c, d, e and f are
atomic percentages; R is at least one rare earth element including Y; H is at
least one heavy rare earth element from among Dy and Tb; M is at least one
element from among Ga, Zn, Si, Al, Nb, Zr, Ni, Cu, Cr, Hf, Mo,P, C, Mg, and
V; 13.1toreq.a.ltoreq.20; 0.ltoreq.b.ltoreq.4; c=100-a-b-d-e-f;
0.Itoreq.d.Itoreq.30; 4.Itoreq.e.ltoreq.20; 0.Itoreq.f.Itoreq.3, and including a
structure constituted by a main phase: a (RH).sub.2(FeCo).sub.14B phase, and
a grain boundary phase: a (RH)(FeCo).sub.4B.sub.4 phase and a RH phase,
with a crystal grain size of the main phase of 10 nm to 200 nm, wherein when
a volume of the grain boundary phase to the earth magnet is within a range of
from greater than 0% to less than 15%, a ratio of a volume the
(RH)(FeCo).sub.4B.sub.4 phase to a volume of the grain boundary phase is
within a range of from greater than 0% to less than 50%, when the volume
fraction of the grain boundary phase to the rare earth magnet is 15% to 23%,
the ratio of the volume of the (RH)(FeCo).sub.4B.sub.4 phase to the volume of
the grain boundary phase is 15% to 80%, and when the volume fraction of the
grain boundary phase to the rare earth magnet is more than 23%, the ratio of
the volume of the (RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain
boundary phase is 30% to 80%.

6. A method for manufacturing a rare earth magnet, comprising: rapidly
cooling and solidifying an alloy melt including a composition represented by
the compositional formula R.sub.aH.sub.bFe.sub.cCo.sub.dB.sub.eM.sub.f,
where: a, b, ¢, d, e and f are atomic percentages; R is at least one rare earth
element including Y; H is at least one heavy rare earth element from among
Dy and Tb; M is at least one element from among Ga, Zn, Si, Al, Nb, Zr, Ni,
Cu, Cr, Hf, Mo, P, C, Mg, and V; 13.Itoreg.a.ltoreq.20; 0.ltoreq.b.ltoreq.4;
c=100-a-b-d-e-f; 0.ltoreq.d.ltoreq.30; 4.ltoreq.e.ltoreq.20; 0.ltoreq.f.Itoreq.3,
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thereby creating a structure constituted by a main phase: a
(RH).sub.2(FeCo).sub.14B phase, and a grain boundary phase: a
(RH)(FeCo).sub.4B.sub.4 phase and a RH phase, with a crystal grain size of
the main phase of 10 nm to 200 nm, wherein when a volume fraction of the
grain boundary phase to the rare earth magnet is within a range of from greater
than 0% to less than 15%, a ratio of a volume the (RH)(FeCo).sub.4B.sub.4
phase to a volume of the grain boundary phase is within a range of from
greater than 0% to less than 50%, when the volume fraction of the grain
boundary phase to the rare earth magnet is 15% to 23%, the ratio of the volume
the (RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain boundary phase
is 15% to 80%, and when the volume fraction of the grain boundary phase to
the rare earth magnet is more than 23%, the ratio of the volume the
(RH)(FeCo).sub.4B.sub.4 phase to the volume of the grain boundary phase is

30% to 80%
Filed: May | 9,177,705 Assignee: Sintered rare earth magnet, method of producing the same, and rotating
25, 2012 TDK CORPORATION | machine
(Tokyo, Japan)
Issued: Abstract
November A sintered rare earth magnet rotating machine and method improve
3, 2015 temperature properties and strength having an excellent corrosion resistance.
The sintered rare earth magnet includes at least a main phase composed of
Expires: R.sub.2T.sub.14B (R represents at least one rare earth element of Nd, Pr or
May 2032 both and T represents at least one transition metal element including Fe or Fe

and Co) compound and a grain boundary phase containing a higher proportion
of R than the main phase, wherein the main phase includes a heavy rare earth
element (one of Dy, Tb or both), at least part of main phase grains of the main
phase included in the sintered rare earth magnet includes at least the
following regions, low, high and intermediate concentration regions. These
regions exist in order of low, high, and intermediate concentration regions,
from low concentration region towards the grain boundary phase in the main
phase grains.
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The invention claimed is:

1. A sintered rare earth magnet, comprising : [presumptive composition of
matter] a main phase composed of R.sub.2T.sub.14B, where: R comprises as a
main component one or more rare earth element selected from: Nd, Pr, and Nd
and Pr, and T represents one or more transition metal element selected from:
Fe, and Fe and Co; and a grain boundary phase containing a higher proportion
of R than the main phase; wherein: the main phase includes one or more heavy
rare earth element selected from: Dy, Tb, and Dy and Tb; at least a part of
main phase grains of the main phase includes at least three regions where the
concentration of the heavy rare earth elements differs, the three regions being:
a low concentration region where the concentration of the heavy rare earth
elements is the lowest in three regions, a high concentration region where the
concentration of the heavy rare earth elements is the highest in three regions,
and an intermediate concentration region where the concentration of the heavy
rare earth elements is higher than the low concentration region and is lower
than the high concentration region, the three regions exist in order of the low
concentration region, the high concentration region, and the intermediate
concentration region, from the low concentration region in the main phase
grain toward the grain boundary phase; an area ratio of the high concentration
region with respect to the main phase is from 1 to 35%; main phase grains
wherein the high concentration region contacts an overall periphery of the low
concentration region and the intermediate concentration region contacts an
overall periphery of the high concentration region exist at 5% or more in the
sintered rare earth magnet, an average concentration value of the heavy rare
earth element in the intermediate concentration region is determined as the
average concentration value of the heavy rare earth element from the
maximum concentration of the heavy rare earth element to the grain boundary
phase, and a value of the following formula (A) is in a range of 0.2 to 0.8:
(.gamma.-.alpha.)/(.beta.-.alpha.) (A) where: .alpha.=the minimum
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concentration of the heavy rare earth element in the main phase, .beta.=the
maximum concentration of the heavy rare earth element in the main phase, and
.gamma.=the average concentration value of the heavy rare earth element in
the intermediate concentration region.

5. A sintered rare earth magnet, comprising: a main phase composed of
R.sub.2T.sub.14B, where: R comprises as a main component one or more rare
earth element selected from: Nd, Pr, and Nd and Pr, and T represents one or
more transition metal element selected from: Fe, and Fe and Co; and a grain
boundary phase containing a higher proportion of R than the main phase;
wherein: the main phase includes one or more heavy rare earth element
selected from: Dy, Tb, and Dy and Tb; at least a part of main phase grains of
the main phase includes at least three regions where the concentration of the
heavy rare earth elements differs, the three regions being: a low concentration
region where the concentration of the heavy rare earth elements is the lowest in
three regions, a high concentration region where the concentration of the heavy
rare earth elements is the highest in three regions, and an intermediate
concentration region where the concentration of the heavy rare earth elements
is higher than the low concentration region and is lower than the high
concentration region, the three regions exist in order of the low concentration
region, the high concentration region, and the intermediate concentration
region, from the low concentration region in the main phase grain toward the
grain boundary phase; an average area ratio of the high concentration region
with respect to the main phase is 5% or more; main phase grains wherein the
high concentration region contacts an overall periphery of the low
concentration region and the intermediate concentration region contacts an
overall periphery of the high concentration region exist at 5% or more in the
sintered rare earth magnet, an average concentration value of the heavy rare
earth element in the intermediate concentration region is determined as the
average concentration value of the heavy rare earth element from the
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maximum concentration of the heavy rare earth element to the grain boundary
phase, and a value of the following formula (A) is in a range of 0.2 to 0.8:
(.gamma.-.alpha.)/(.beta.-.alpha.) (A) where: .alpha.=the minimum
concentration of the heavy rare earth element in the main phase, .beta.=the
maximum concentration of the heavy rare earth element in the main phase, and
.gamma.=the average concentration value of the heavy rare earth element in
the intermediate concentration region.

Filed: 9,175,376 Assignee: HITACHI Method for producing surface-modified rare earth metal-based sintered magnet
September METALS, LTD. and surface-modified rare earth metal-based sintered magnet
26, 2008 (Tokyo, Japan)
Abstract
Issued:
November An objective of the present invention is to provide a rare earth metal-based
3, 2015 sintered magnet having imparted thereto sufficient corrosion resistance by an
oxidative heat treatment, which is resistant even in an environment of
Expires: fluctuating humidity, while suppressing the deterioration of the magnetic
September characteristics ascribed to the oxidative heat treatment, and to provide a
2028 method for producing the same. As a means of achieving the objective above,

the surface-modified rare earth metal-based sintered magnet of the present
invention is characterized in that the surface-modified part comprises a
surface-modified layer comprising at least three layers formed in this order
from the inner side of the magnet, a main layer containing R, Fe, B, and
oxygen, an amorphous layer containing at least R, Fe, and oxygen, and an
outermost layer containing iron oxide comprising mainly hematite as the
constituent, and the method for producing the same is characterized in that it
comprises a step of applying a heat treatment to a bulk magnet body in the
temperature range of from 200.degree. C. to 600.degree. C., under an
atmosphere with oxygen partial pressure in a range of from 1.times.10.sup.2 Pa
to 1.times.10.sup.5 Pa and water vapor partial pressure in a range of from 0.1
Pa to 1000 Pa (exclusive of 1000 Pa).
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The invention claimed is:

1. A method [presumptive process/method] for producing a surface-modified
rare earth metal-based sintered magnet, the method comprising a step of:
applying a heat treatment to a rare earth metal-based sintered magnet in the
temperature range of from 200.degree. C. to 600.degree. C., under an
atmosphere with oxygen partial pressure in a range of from 1.times.10.sup.2 Pa
to 1.times.10.sup.5 Pa and water vapor partial pressure in a range of from 250
Pa to 700 Pa, wherein the surface-modified rare earth metal-based sintered
magnet comprises a surface-modified part that comprises a surface-modified
layer, said surface-modified layer comprising at least: a main layer containing
R, Fe, B, and oxygen, and containing an R-enriched layer with a length in a
range of from 0.5 .mu.m to 30 .mu.m and a thickness in a range of from 50 nm
to 400 nm, an amorphous layer located outside of the main layer and
containing at least R, Fe, and oxygen, and an outermost layer located outside
of the amorphous layer and containing iron oxide, wherein the iron oxide is 75
mass % or more hematite.

3. A method for producing a surface-modified rare earth metal-based sintered
magnet, the method comprising a step of: applying a heat treatment to a rare
earth metal-based sintered magnet in the temperature range of from
200.degree. C. to 600.degree. C., under an atmosphere with oxygen partial
pressure in a range of from 1.times.10.sup.2 Pa to 1.times.10.sup.5 Pa and
water vapor partial pressure in a range of from 0.1 Pa to 700 Pa wherein the
surface-modified rare earth metal-based sintered magnet comprises a surface-
modified part that comprises a surface-modified layer, said surface-modified
layer comprising at least: a main layer containing R, Fe, B, and oxygen, and
containing an R-enriched layer with a length in a range of from 0.5 .mu.m to
30 .mu.m and a thickness in a range of from 50 nm to 400 nm, an amorphous
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layer located outside of the main layer and containing at least R, Fe, and
oxygen, and an outermost layer located outside of the amorphous layer and
containing iron oxide, wherein the iron oxide is 75 mass % or more hematite,
characterized in that an additional heat treatment is carried out prior to and/or
after the heat treatment, in the temperature range of from 200.degree. C. to
600.degree. C. and under an atmosphere with oxygen partial pressure in a
range of from 1.times.10.sup.-2 Pa to 50 Pa and water vapor partial pressure in
a range of from 1.times.10.sup.-7 Pa to 1.times.10.sup.-2 Pa.

Filed: 9,154,004 Assignee: Rare earth sintered magnet and motor
March 4, TDK CORP. (Tokyo,
2011 Japan) Abstract
In the rare earth sintered magnet, the ratio of R2 to the sum of R1 and R2 that
Issued: are contained in crystal grain boundaries surrounding the crystal grains in the
October 6, rare earth sintered magnet body is higher than the ratio of R2 to the sum of R1
2015 and R2 in the crystal grains, and the concentration of R2 increases from the
central portion of the rare earth sintered magnet body toward the surface of
Expires: the rare earth sintered magnet body. In addition, the degree of unevenness in
March residual magnetic flux density on the surface of the rare earth sintered magnet
2031 body is smaller than 3.0%.

The invention claimed is:

1. A rare earth sintered magnet comprising [presumptive composition of
matter], a rare earth sintered magnet body including crystal grains of (R1,
R2).sub.2T.sub.14B; wherein: R1 represents at least one rare earth element
except for Dy and Th, R2 represents a rare earth element at least including one
or both of Dy and Thb, T represents one or more transition metal elements
including Fe or including Fe and Co, a ratio of R2 to a sum of R1 and R2 that
is contained in crystal grain boundaries surrounding the crystal grains in the
rare earth sintered magnet body is higher than a ratio of R2 to a sum of R1 and
R2 in the crystal grains, a concentration of R2 increases from a central portion
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of the rare earth sintered magnet body toward a surface of the rare earth
sintered magnet body; and a degree of unevenness in residual magnetic flux
density among a plurality of areas on the surface of the rare earth sintered
magnet body is smaller than 3.0%.

4. A rare earth sintered magnet obtained by [presumptive process or method]
: rotating a rare earth sintered magnet body including crystal grains of (R1,
R2).sub.2T.sub.14B, applying a slurry containing a compound of the rare earth
element R2 to the rare earth sintered magnet body, drying the slurry while the
rare earth sintered magnet body is rotated, and subjecting the rare earth
sintered magnet body including the dried slurry to heat treatment, wherein: R1
represents at least one rare earth element except for Dy and Th, R2 represents a
rare earth element at least including one or both of Dy and Th, T represents
one or more transition metal elements including Fe or including Fe and Co, a
ratio of R2 to a sum of R1 and R2 that is contained in crystal grain boundaries
surrounding the crystal grains in the rare earth sintered magnet body is higher
than a ratio of R2 to a sum of R1 and R2 in the crystal grains, a concentration
of R2 increases from a central portion of the rare earth sintered magnet body
toward a surface of the rare earth sintered magnet body; and a degree of
unevenness in residual magnetic flux density among a plurality of areas on the
surface of the rare earth sintered magnet body is smaller than 3.0%

Filed: Aug | 9,129,731 Assignee: Sintered magnet
13, 2012 Hitachi, Ltd. (Tokyo,
Japan) Abstract

Issued:
September Disclosed is a sintered magnet which is a rare-earth magnet using a less
8, 2015 amount of a rare-earth element but having a higher maximum energy product

and a higher coercivity. The sintered magnet includes a NdFeB crystal; and an
Expires: FeCo crystal adjacent to the NdFeB crystal through the medium of a grain
August boundary. The FeCo crystal includes a core and a periphery and has a cobalt
2032 concentration decreasing from the core to the periphery. The FeCo crystal has

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=9&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 19
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

a difference in cobalt concentration of 2 atomic percent or more between the
core and the periphery. In the NdFeB crystal, cobalt and a heavy rare-earth
element are unevenly distributed and enriched in the vicinity of the grain
boundary.

What is claimed is:

1. A sintered magnet comprising [presumptive composition of matter], : a
NdFeB crystal; an FeCo crystal; and a grain boundary region disposed between
the NdFeB crystal and the FeCo crystal, wherein the FeCo crystal has a cobalt
concentration decreasing from a center to an interface by 2 atomic percent or
more, and wherein the NdFeB crystal contains cobalt and a heavy rare-earth
element, and has concentrations of the cobalt and the heavy rare-earth element
increasing from a center to an interface.

2. The sintered magnet according to claim 1, wherein the FeCo crystal includes
a body-centered cubic structure or a body-centered tetragonal structure.

3. The sintered magnet according to claim 1, wherein the FeCo crystal has a
saturation flux density higher than the saturation flux density of the NdFeB
crystal.

4. The sintered magnet according to claim 1, wherein the grain boundary
region has a width of 0.1 to 2 nm.

5. The sintered magnet according to claim 1, wherein the grain boundary
region includes an acid fluoride.

8. The sintered magnet according to claim 1, being prepared through
[presumptive process/method] quenching in a magnetic field at a cooling rate
of 10.degree. C./second or more in a heat treatment process upon sintering.
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Filed: May | 9,129,730 Assignee: Rare-earth-iron-based alloy material
14, 2015 SUMITOMO
ELECTRIC Abstract

Issued: INDUSTRIES, LTD.
Sept 8, (Osaka, Japan) Provided are a powder for a magnet, which provides a rare-earth magnet
2015 having excellent magnet properties and which has excellent formability, a

method for producing the powder for a magnet, a powder compact, a rare-
Expires: earth-iron-based alloy material, and a rare-earth-iron-nitrogen-based alloy
May 2035 material which are used as materials for the magnet, and methods for

producing the powder compact and these alloy materials.
The invention claimed is:

1. A rare-earth-iron-based alloy material for a rare-earth magnet, the rare-
earth-iron-based alloy material comprising [presumptive composition
of matter], a powder compact comprising: magnetic particles each
containing a hydride of a rare-earth element in an amount of less than
40% by volume and the balance being Fe; a phase of the hydride of the
rare-earth element is adjacent to a phase consisting of pure Fe, and an
interval between adjacent phases of the hydride of the rare-earth
element with the phase of Fe provided therebetween is 3 .mu.m or less,
wherein: the phase of the hydride of the rare-earth element is granular,
the granular hydride of the rare-earth element is dispersed in the phase
of Fe, the rare-earth element is Sm, and the hydride of the rare-earth
element consisting of Sm and hydrogen, an antioxidation layer is
provided on the surface of each of the magnetic particles, the
antioxidation layer including a low-oxygen-permeability layer
composed of a material having an oxygen permeability coefficient at
30.degree. C. of less than 1.0.times.10.sup.-11 m.sup.3m/(sm.sup.2Pa)
and a low-moisture-permeability layer composed of a material having a
moisture permeability coefficient at 30.degree. C. of less than
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1000.times.10.sup.-13 kg/(msMPa), the low-oxygen-permeability layer
is polyester or polyvinyl chloride, the powder compact has a relative
density of 85% or more, and the rare-earth-iron-based alloy material is
produced by [presumptive process/method] heat-treating the powder
compact in an inert atmosphere or in a reduced atmosphere.

2. The rare-earth-iron-based alloy material according to claim 1, wherein a rate
of volume change between the heat-treated powder compact before the heat
treatment and the rare-earth-iron-based alloy material after the heat treatment
IS 5% or less.

3. The rare-earth-iron-based alloy material according to claim 1, wherein the
inert atmosphere comprises a nitrogen element-containing atmosphere.

4. The rare-earth-iron-nitrogen-based alloy material according to claim 3,
wherein the rare-earth-iron-nitrogen-based alloy material comprises an Sm--
Fe--Ti--N alloy.

5. The rare-earth-iron-nitrogen-based alloy material according to claim 3,
wherein a rate of volume change between the rare-earth-iron-based alloy
material before the heat treatment and the rare-earth-iron-nitrogen-based alloy
material after the heat treatment is 5% or less.

Filed: 9,111,674 Assignee: R-T-B based permanent magnet

April 21, TDK CORPORATION

2014 (Tokyo, Japan) Abstract

Issued: The present invention provides a permanent magnet whose magnetic properties

August 18, will not be significantly decreased and which is excellent in the temperature

2015 properties compared to the existing R-T-B based permanent magnet. In the R-
T-B based structure, a stack structure of R1-T-B based crystallizing layer and

Expires: (Y,Ce)-T-B based crystallizing layer can be formed by alternatively stacking
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August R1-T-B and (Y,Ce)-T-B. In this way, a high magnetic anisotropy field of the
2034 R1-T-B based crystallizing layer can be maintained while an improved
temperature coefficient of the (Y,Ce)-T-B based crystallizing layer can be
obtained. Further, a high coercivity can be obtained by adding the Ce-T-B
based crystallizing layer with a low lattice distortion to the Y-T-B based
crystallizing layer.

What is claimed is:

1. A R-T-B based permanent magnet, comprising [presumptive composition
of matter]: a R-T-B based structure in which a R1-T-B based crystallizing
layer and a (Y,Ce)-T-B based crystallizing layer are stacked, wherein: R1 is at
least one rare earth element except Y and Ce, and T is at least one transition
metal element including Fe or a combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to (Y+Ce) is 0.1 or more and 10 or less.

3. The R-T-B based permanent magnet according to claim 1, wherein the R1-
T-B based crystallizing layer has a thickness of 0.6 nm or more and 300 nm or
less, and the (Y,Ce)-T-B based crystallizing layer has a thickness of 0.6 nm or
more and 200 nm or less.

Filed: May | 9,087,631 Assignee: Permanent magnet and method of manufacturing the same, and motor and
19, 2011 KABUSHIKI power generator using the same
KAISHA TOSHIBA
Issued: (Tokyo, Japan) Abstract
July 21,
2015 In an embodiment, a permanent magnet includes a composition represented by

R(Fe.sub.p(Ti.sub.sM.sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p- -g-
r).sub.z (R is at least one element selected from rare earth elements, M is at
Expires: least one element selected from Zr and Hf, A is at least one element selected
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2031 from Ni, V, Cr, Mn, Al, Ga, Nb, Taand W, and p, g, r, S, t and z are numbers
satisfying 0.3.Itoreq.p.ltoreq.0.6, 0.01.1toreq.q.ltoreq.0.1,
0.01.1toreq.r.Itoreq.0.15, 0.2.Itoreq.s.Itoreq.0.8, 0.ltoreq.t.Itoreq.0.2,
6.ltoreq.z.Itoreq.9 in an atomic ratio, respectively), and a structure composed
mainly of a Th.sub.2Zn.sub.17 crystal phase and a CaCu.sub.5 crystal phase

What is claimed is:

1. A permanent magnet, comprising [presumptive composition of matter]: a
composition represented by a composition formula:
R(Fe.sub.p(Ti.sub.sM.sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p-g--
r).sub.z where, R is at least one element selected from rare earth elements, M is
at least one element selected from Zr and Hf, A is at least one element selected
from Ni, V, Cr, Mn, Al, Ga, Nb, Ta and W, p is a number (atomic ratio)
satisfying 0.3.Itoreg.p.ltoreq.0.6, g is a number (atomic ratio) satisfying
0.01.Itoreq.q.ltoreq.0.1, r is a number (atomic ratio) satisfying
0.01.1toreq.r.Itoreq.0.15, s is a number (atomic ratio) satisfying
0.2.ltoreq.s.Itoreq.0.5, t is a number (atomic ratio) satisfying
0.Itoreq.t.Itoreq.0.2, z is a number (atomic ratio) satisfying 6.ltoreq.z.Itoreq.9;
and a structure composed mainly of a Th.sub.2Zn.sub.17 crystal phase and a
CaCu.sub.5 crystal phase, wherein a ratio (c/a) of a lattice constant c in relation
to a lattice constant a in a crystal structure of the permanent magnet is equal to
or more than 0.839, where a crystal face perpendicular to a direction of an easy
magnetization axis is a face a, one of crystal faces parallel to the direction of
the easy magnetization axis is a face b, an x-ray main diffraction angle of the
face a is 2.theta..sub.1, an x-ray main diffraction angle of the face b is 2
.theta..sub.2, the lattice constant a is defined by 4/3.sup.1/2 .times.d1, the
lattice constant c is defined by 2.times.d.sub.2, d.sub.1 [unit: angstrom] is
Jdamda./(2 sin(2.theta..sub.1/2), d2 [unit: angstrom] is .lamda./(2
sin(2.theta..sub.2/2), and .lamda. is 1.5418 angstrom.
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2. The permanent magnet according to claim 1, wherein the element R is at
least one selected from samarium (Sm), neodymium (Nd), and praseodymium

(Pn).

3. The permanent magnet according to claim 2, wherein 50 atomic % or more
of the element R is samarium (Sm).

4. The permanent magnet according to claim 3, wherein 80 atomic % or more
of the element M is zirconium (Zr).

9. A method of manufacturing a permanent magnet, comprising: fabricating an
alloy powder having a composition represented by a composition formula:
R(Fe.sub.p(Ti.sub.sM .sub.1-s).sub.qCu.sub.r(Co.sub.1-tA.sub.t).sub.1-p-g-
r).sub.z where, R is at least one element selected from rare earth elements, M is
at least one element selected from Zr and Hf, A is at least one element selected
from Ni, V, Cr, Mn, Al, Ga, Nb, Ta and W, p is a number (atomic ratio)
satisfying 0.3.Itoreq.p.ltoreq.0.6, g is a number (atomic ratio) satisfying
0.01.1toreq.q.Itoreq.0.1, r is a number (atomic ratio) satisfying
0.01.Itoreq.r.Itoreq.0.15, s is a number (atomic ratio) satisfying
0.2.Itoreq.s.Itoreq.0.5, t is a number (atomic ratio) satisfying
0.Itoreq.t.Itoreq.0.2, z is a number (atomic ratio) satisfying 6.ltoreq.z.Itoreq.9;
fabricating a pressed powder body by forming the alloy powder in a magnetic
field; fabricating a sintered body by sintering the pressed powder body;
performing a solution heat treatment to the sintered body at a temperature of
from 1130 to 1230.degree. C.; performing an aging heat treatment to the
sintered body after the solution heat treatment at a temperature of from 700 to
900.degree. C. in a vacuum atmosphere; and cooling slowly the sintered body
after the aging heat treatment at a cooling speed in a range of 0.5 to 5.degree.
C./min, to obtain the permanent magnet including a structure composed mainly
of a Th.sub.2Zn.sub.17 crystal phase and a CaCu.sub.5 crystal phase, wherein
a ratio (c/a) of a lattice constant c in relation to a lattice constant a in a crystal
structure of the permanent magnet is equal to or more than 0.839, where a
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crystal face perpendicular to a direction of an easy magnetization axis is a face
a, one of crystal faces parallel to the direction of the easy magnetization axis is
a face b, an x-ray main diffraction angle of the face a is 2.theta..sub.1, an x-ray
main diffraction angle of the face b is 2.theta..sub.2, the lattice constant a is
defined by 4/3.sup.1/2 .times.d1, the lattice constant c is defined by 2
times.d.sub.2, d.sub.1 [unit: angstrom] is .lamda./(2sin(2.theta..sub.1/2), d2
[unit: angstrom] is .lamda./(2sin(2.theta..sub.2/2), and .lamda.is 1.5418
angstrom.

10. The manufacturing method [presumptive process/method] according to
claim 9, wherein the fabricating the alloy powder comprises: fabricating a thin
ribbon solidified to have a thickness of equal to or less than 1 mm continuously
by injecting an alloy molten metal to a chill roll rotating at a peripheral speed
of 0.1 to 20 m/sec; and grinding the thin ribbon.

Filed: Dec | 9,082,538 Assignee: Sintered Nd--Fe--B permanent magnet with high coercivity for high

1, 2008 ZHEJIANG temperature applications
UNIVERSITY

Issued: (Hangzhou, China) Abstract

July 14,

2015 ZHEJIANG A type of sintered Nd--Fe--B permanent magnet with high intrinsic coercivity
INNUOVO of about 30KOe or more is produced by dual alloy method. The method

Expires: MAGNETICS comprises the following steps: preparing the powders of master phase alloy

Dec 2028 INDUSTRY CO., LTD | and intergranular phase alloy respectively, mixing the powders, compacting the
(Dongyang, China) powders in magnetic field, sintering the compacted body at

1050.about.1125.degree. C. and annealing at 890-1000.degree. C. and 500-
650.degree. C. successively. In the process of preparing the powder of
intergranular phase alloy, the nano-powder additive selected from the group
consisting of NiAl, TiC, SiC, AIN, TiN, ZrN and the combination thereof is
used to modify the powder of intergranular phase alloy.

We claim that:
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1. A sintered Nd--Fe--B permanent magnet, comprising [presumptive
composition of matter]: (A) 90.about.95 wt % of a master-phase alloy
powder, by weight of the permanent magnet, wherein the master-phase alloy
powder comprises 11.about.16% of Nd, 5.4.about.6.6% of B, 0.about.6% of M
and a balance of Fe by atomic percent, wherein M is at least one selected from
the group consisting of Dy, Th, Nb, Co, Ga, Zr, and Al; and (B) 5.about.10 wt
% of an intergranular-phase alloy powder, by weight of the permanent magnet,
wherein the intergranular-phase alloy powder is modified by a nano-powder
additive before being sintered to form the sintered Nd--Fe--B permanent
magnet, the nano-powder additive is at least one selected from the group
consisting of NiAl, TiC, SiC, AIN, TiN, and ZrN, the intergranular-phase alloy
powder before being modified comprises 13.5.about.30% of Nd, 4.about.7% of
B, 0.about.15% of R and a balance of Fe by atomic percent, where R is at least
one selected from the group consisting of Dy, Tb, Nb, Co, Ga, Zr, Cu, Al, and
Si, the sintered Nd--Fe--B permanent magnet is obtained by a two-alloy
method, the intergranular-phase alloy powder is modified by an amount of the
nano-powder additive sufficient so that the sintered Nd--Fe--B permanent
magnet has an intrinsic coercivity of about 30KOe or more, and the amount of
the nano-powder additive is 0.01.about.1% by weight of the intergranular-
phase alloy powder.

2. The magnet of claim 1, wherein the nano-powder additive has an average
particle size of 1.about.60 nm.

3. The magnet of claim 1, wherein the magnet is obtained by [presumptive
process/method]: preparing the master-phase alloy powder with a particle size
of 3-8 .mu.m; preparing the intergranular-phase alloy powder with a particle
size of 1-4 .mu.m, and modifying with a predetermined amount of the nano-
powder additive; mixing the master-phase alloy powder and the intergranular-
phase alloy powder that is modified by the nano-powder additive to form a
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well-proportioned mixture; compacting said well-proportioned mixture in a
magnetic field of 1.2-2.0 T to form a compacted body, sintering the compacted
body at a temperature of 1050-1125.degree. C. in a high vacuum sintering
furnace of 10.sup.-3-10.sup.-4 pa to form a sintered body; heating the sintered
body at a temperature of 890-1000.degree. C. for 2-4 hours followed by slowly
cooling at a cooling rate of 1-4.degree. C./min to room temperature; and
heating the cooled sintered body at a temperature of 500-650.degree. C. for 2-4
hours followed by rapidly cooling at a cooling rate of 100-400.degree. C./min,
to form the Nd--Fe--B permanent magnet.

4. The magnet of claim 1, wherein the magnet includes main phase grains that
are substantially spherical with an average size of about 5 .mu.m to about 6

.mu.m.

Filed: 9,082,537 Assignee: R-T-B based permanent magnet

April 25, TDK CORPORATION

2014 (Tokyo, Japan) Abstract

Issued: The present invention provides a permanent magnet which is excellent in the

July 14, temperature properties and the magnetic properties of which will not be

2015 significantly decreased, compared to the conventional R-T-B based permanent
magnet. In the R-T-B based structure, a stacked structure of R1-T-B based

Expires: crystal layer and Y-T-B based crystal layer can be formed by alternatively

April 2034 stacking R1-T-B and Y-T-B. In this way, a high magnetic anisotropy field of

the R1-T-B based crystal layer can be maintained while the temperature
coefficient of the Y-T-B based crystal layer can be improved.

What is claimed is:
1. A R-T-B based permanent magnet, comprising [presumptive composition

of matter ] a R-T-B based structure in which a R1-T-B based crystal layer and
a Y-T-B based crystal layer are stacked, wherein R1 represents at least one rare
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earth element except Y, and T represents at least one transition metal element
comprising Fe or a combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to Y is 0.1 or more and 10 or less.

4. The R-T-B based permanent magnet according to claim 2, wherein said R1-
T-B based crystal layer has a thickness of 0.6 nm or more and 300 nm or less,
and said Y-T-B based crystal layer has a thickness of 0.6 nm or more and 200
nm or less.

5. A R-T-B based film permanent magnet, comprising a R-T-B based structure
in which a R1-T-B based crystal layer and Y-T-B based crystal layer are
stacked, wherein R1 represents at least one rare earth element except Y, and T
represents at least one transition metal element comprising Fe or a combination
of Fe and Co.

6. The R-T-B based film permanent magnet according to claim 5, wherein an
atomic ratio of R to Y is 0.1 or more and 10 or less.

9. A R-T-B based permanent magnet powder, comprising a R-T-B based
structure in which a R1-T-B based crystal layer and a Y-T-B based crystal
layer are stacked, wherein R1 represents at least one rare earth element except
Y, and T represents at least one transition metal element comprising Fe or a
combination of Fe and Co.

Filed: Dec | 9,076,584 Assignee: Powder for magnet
2, 2010 SUMITOMO
ELECTRIC Abstract
Issued: INDUSTRIES, LTD.
July 7, (Osaka, Japan) Provided are a powder for a magnet, which provides a rare-earth magnet
2015 having excellent magnet properties and which has excellent formability, a

method for producing the powder for a magnet, a powder compact, a rare-

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=3&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=120&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 29
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

Expires: earth-iron-based alloy material, and a rare-earth-iron-nitrogen-based alloy
Dec 2030 material which are used as materials for the magnet, and methods for
producing the powder compact and these alloy materials. Magnetic particles 1
constituting the powder for a magnet each have a texture in which grains of a
phase 3 of a hydride of a rare-earth element are dispersed in a phase 2 of an
iron-containing material, such as Fe. The uniform presence of the phase 2 of
the iron-containing material in each magnetic particle 1 results in the powder
having excellent formability, thereby providing a powder compact 4 having a
high relative density. The powder for a magnet is produced by heat-treating a
rare-earth-iron-based alloy powder in a hydrogen atmosphere to separate the
rare-earth element and the iron-containing material from each other and then
forming a hydride of the rare-earth element. The powder for a magnet is
subjected to compacting to form the powder compact 4. The powder compact 4
IS subjected to heat treatment in vacuum to form a rare-earth-iron-based alloy
material 5. The rare-earth-iron-based alloy material 5 is subjected to heat
treatment in a nitrogen atmosphere to form a rare-earth-iron-nitrogen-based
alloy material 6.

The invention claimed is:

1. A powder compact used as a material for a rare-earth magnet comprising
[presumptive composition of matter]: a powder comprising: magnetic
particles each containing a hydride of a rare-earth element in an amount of less
than 40% by volume and the balance being Fe; a phase of the hydride of the
rare-earth element is adjacent to a phase consisting of pure Fe, and an interval
between adjacent phases of the hydride of the rare-earth element with the
phase of Fe provided therebetween is 3 .mu.m or less, wherein: the phase of
the hydride of the rare-earth element is granular, the granular hydride of the
rare-earth element is dispersed in the phase of Fe, the rare-earth element is Sm,
and the hydride of the rare-earth element consisting of Sm and hydrogen, an
antioxidation layer is provided on the surface of each of the magnetic particles,
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the antioxidation layer including a low-oxygen-permeability layer composed of
a material having an oxygen permeability coefficient at 30.degree. C. of less
than 1.0.times.10.sup.-11 m.sup.3m/(sm.sup.2Pa) and a low-moisture-
permeability layer composed of a material having a moisture permeability
coefficient at 30.degree. C. of less than 1000.times.10.sup.-13 kg/(msMPa), the
low-oxygen-permeability layer is polyester or polyvinyl chloride, and the
powder compact has a relative density of 85% or more.

2. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the magnetic particles have an average particle size of 10
.mu.m to 500 .mu.m.

3. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the powder compact has a relative density of 90% or more.

4. The powder compact used as a material for a rare-earth magnet according to
claim 1, wherein the low-moisture-permeability layer is polyethylene or

polypropylene.
Filed: 9,076,579 Assignee: Magnetic exchange coupled core-shell nanomagnets
November The Board of Trustees
15, 2011 of the University of Abstract

Alabama for and on the | A permanent magnet is fabricated such that it has a magnetically hard core

Issued: behalf of the surrounded by a thin magnetically soft shell. The magnetically hard core
July 7, University of Alabama | provides a relatively high intrinsic coercivity (H.sub.ci), and the magnetically
2015 (Huntsville, AL, USA) | soft shell provides a relatively high magnetic flux density (B). Due to magnetic

exchange coupling between the core and shell, a relatively high maximum
Expires: energy product (BH).sub.max is achievable over a wide temperature range,
Nov 2031 including temperatures above 150.degree. C. Further, such effects can be

achieved without using rare-earth metals or precious metals helping to keep
the manufacturing costs of the magnet low. To allow sufficient exchange
magnetic coupling between the core and shell, the width of the shell is less
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than about 40 nanometers, and the overall dimensions are controlled such that
the width of the shell is less than two times the Bloch domain wall thickness of
the core.

Claims
Now, therefore, the following is claimed:

1. A core-shell nanomagnetic particle, comprising [presumptive composition
of matter] : a core of hard magnetic material; and a shell of soft magnetic
material encasing the core, wherein a thickness of the shell is less than 40
nanometers and less than two times a Bloch domain thickness of the core, and
wherein the core does not include rare-earth elements.

2. The core-shell nanomagnet particle of claim 1, wherein the shell has a
uniform thickness around the core.

Filed: 9,070,500 Assignee: R-T-B based permanent magnet
April 21, TDK CORPORATION
2014 (Tokyo, Japan) Abstract
The present invention provides a permanent magnet whose magnetic
Issued: properties will not be significantly decreased and which is excellent in the
June 30, temperature properties compared to the existing R-T-B based permanent
2015 magnet. In the R-T-B based structure, a stacked structure of R1-T-B based
crystallizing layer and (Y, La)-T-B based crystallizing layer can be formed by
Expires: alternatively stacking R1-T-B and (Y, La)-T-B. In this way, a high magnetic
April 2034 anisotropy field of the R1-T-B based crystallizing layer can be maintained

while an improved temperature coefficient of the (Y, La)-T-B based
crystallizing layer can be obtained. Further, the lattice distortion in the total
stacked structure is moderated by setting the rare earth elements in the (Y,
La)-T-B based crystallizing layer as both of Y and La, and a high residual flux
density can be obtained accordingly.
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What is claimed is:

1. A R-T-B based permanent magnet, comprising [presumptive composition of
matter], :a R-T-B based structure in which a R1-T-B based crystallizing

layer and a (Y, La)-T-B based crystallizing layer are stacked, wherein R1 is at
least one rare earth element except Y and La, and T is one or more transition
metal element comprising Fe or the combination of Fe and Co.

2. The R-T-B based permanent magnet according to claim 1, wherein an
atomic ratio of R1 to Y and La is 0.1 or more and 10 or less.

16. A bond magnet comprising the R-T-B based permanent magnet powder of
claim 12.

17. A sintered magnet comprising the R-T-B based permanent magnet powder

of claim 9.
Filed: 9,053,846 Assignee: Permanent magnet and manufacturing method thereof
March 28, NITTO DENKO
2011 CORPORATION Abstract

(Osaka, Japan) There are provided a permanent magnet and a manufacturing method thereof

Issued: enabling carbon content contained in magnet particles to be reduced in
June 9, advance before sintering even when wet milling is employed. Coarsely-milled
2015 magnet powder is further milled by a bead mill in a solvent together with an

organometallic compound expressed with a structural formula of M-
Expires: (OR).sub.x (M includes at least one of neodymium, praseodymium,
March dysprosium and terbium, each being a rare earth element, R represents a
2031 substituent group consisting of a straight-chain or branched-chain hydrocarbon,

X represents an arbitrary integer) so as to uniformly adhere the organometallic
compound to particle surfaces of the magnet powder. Thereafter, a compact
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body of compacted magnet powder is held for several hours in hydrogen
atmosphere at 200 through 900 degrees Celsius to perform hydrogen
calcination process. Thereafter, through sintering process, a permanent magnet
1 is manufactured.

The invention claimed is:

1. A manufacturing method of a permanent magnet comprising steps of wet-
milling magnet material in an organic solvent to obtain magnet powder;
adding, to the organic solvent during the wet-milling, an organometallic
compound expressed with a structural formula of M-(OR).sub.x, M including
at least one of neodymium, praseodymium, dysprosium and terbium, each
being a rare earth element, R representing a substituent group consisting of a
straight-chain or branched-chain hydrocarbon, and x representing an arbitrary
integer, to make the organometallic compound adhered to particle surfaces of
the magnet powder in the organic solvent to obtain a slurry-state magnet
powder; injecting the slurry-state magnet powder containing the organic
solvent used in the wet-milling into a cavity without drying the slurry-state
magnet powder, while applying an initial magnetic field to the cavity, and
further applying a magnetic field stronger than the initial magnetic field to the
cavity during or after the injection so as to perform wet molding and obtain a
compact body in which the organometallic compound is adhered to the particle
surfaces of the magnet powder; calcining the compact body in hydrogen
atmosphere so as to obtain a calcined body of which carbon residue is reduced
in comparison with before calcining the compact body, wherein the step of
calcining causes thermal decomposition of the organometallic compound and
removes R so as to reduce carbon residue; and sintering the calcined body.

2. The manufacturing method of a permanent magnet according to claim 1,
wherein R in the structural formula is an alkyl group.
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3. The manufacturing method of a permanent magnet according to claim 2,
wherein R in the structural formula is an alkyl group of which carbon number
is any one of integer numbers 2 through 6.

Filed: July | 9,048,016 Assignee: Composite permanent magnetic material and preparation method thereof
14,2012 DONGGUAN
XUANYAO Abstract
Issued: ELECTRONICS CO.,
June 2, LTD. (Dongguan, The invention relates to the field of permanent magnet materials, and discloses
2015 Guangdong Province, | @ composite permanent magnet material. The material is formed by splicing at
China) least one permanent magnet material, with binding agent in between. The
novel composite permanent magnet material that is formed by splicing
Expires: different magnets greatly enriches the existing permanent magnet system and
July 2032 can completely replace the expensive rare metallic magnetic material. The

composite permanent magnet material disclosed by the invention has high
performances. The magnetic performance of the magnet can be regulated and
controlled by adjusting the type and length of the magnets. In particular, the
magnetic blank between the bonded NdFeB and the sintered NdFeB provides
the designer and user of permanent magnetic motors with broader and flexible
in material selection space and cost selection space

What is claimed is:

1. A composite permanent magnetic material, characterized in that, the
composite permanent magnetic material is made [presumptive
process/method] by splicing at least two permanent magnets, with a binding
agent in between, wherein the permanent magnets are one or more of: sintered
NdFeB, isotropic bonded NdFeB, and anisotropic bonded NdFeB; wherein the
binding agent is a polyurethanes binding agent or a two-component modified
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acrylic ester curing agent or an epoxy binding agent or an anaerobic binding
agent; wherein the composite permanent magnetic material is made by
arranging the permanent magnets as per requirements of the target magnet and
splicing with the binding agent; wherein the permanent magnets are spaced
according to odd numbers or even numbers; wherein according to odd
numbers, the total amount of two magnets is M=2*N+1 (N.gtoreq.1) and two
magnets of different materials are spaced into an integrated magnet; and
wherein according to even numbers, the total amount of two magnets is
M=2*N (N.gtoreg.1) and magnets of the same material are arranged in one
group while magnets of different materials are spaced

Filed: June | 9,044,834 Assignee: Urban Magnet recycling to create Nd--Fe--B magnets with improved or restored
17,2014 Mining Technology magnetic performance
Issued: Company (Perryville,
June 2, MD, USA) Abstract
2015

Methods, systems, and apparatus, including computer programs encoded on
Expires: computer storage media, for recycling magnetic material to restore or improve
June 2034 the magnetic performance. One of the methods includes demagnetizing

magnetic material from a waste magnet assembly by cyclic heating and cooling
of the magnetic material, fragmenting adhesives attached to the magnetic
material, cracking coating layers of the magnetic material, and subjecting the
magnetic material to at least one of: a) a mechanical treatment or b) a chemical
treatment, to remove the coating layers and prepare the magnetic material
without impurities, fragmenting the demagnetized magnetic material to form a
powder, and mixing the powder with a rare earth material R and an elemental
additive A to produce a homogeneous powder, wherein the rare earth material
R comprises at least one of: Nd or Pr, and the elemental additive A comprises
at least one of: Nd, Pr, Dy, Co, Cu, and Fe.
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What is claimed is:

1. A method for manufacturing [presumptive process/method]: a recycled Nd-
-Fe--B permanent magnet comprising: demagnetizing magnetic material from
a waste magnet assembly by cyclic heating and cooling of the magnetic
material, fragmenting adhesives attached to the magnetic material, cracking
coating layers of the magnetic material, and subjecting the magnetic material
to at least one of: a) a mechanical treatment or b) a chemical treatment, to
remove the coating layers and prepare the magnetic material without
impurities; fragmenting the demagnetized magnetic material to form a powder;
mixing the powder with a) a rare earth material R that comprises between 0.1
to 1 at. % of the total mixture and b) an elemental additive A to produce a
homogeneous powder, wherein the rare earth material R comprises at least one
of: i) Nd or ii) Pr with a ratio of 75 wt. % Nd to 25 wt. % Pr, and the elemental
additive A comprises at least one of: i) Dy, ii) Co, iii) Cu, iv) Fe; and sintering
and magnetizing the homogenous powder to form a recycled Nd--Fe--B
magnetic product that comprises 1.98 at. % oxygen or less and has a
remanence and a coercivity at least the same as a waste magnet part from the
waste magnet assembly.

Filed: June | 9,044,810 Assignee: SHIN-ETSU | Rare earth magnet and its preparation

29, 2010 CHEMICAL CO.,

LTD. Abstract
Issued: (Tokyo, Japan) ) ) ) )
June 2 A rare earth magnet is prepared by disposing a R.sup.1-T-B sintered body
2015 ' comprising a R.sup.1.sub.2T.sub.14B compound as a major phase in contact

with an R.sup.2-M alloy powder and effecting heat treatment for causing

Expires: R.sup.2 element to diffuse into the sintered body. The alloy powder is obtained
June 2030 by quenching a melt containing R.sup.2 and M. R.sup.1 and R.sup.2 are rare

earth elements, T is Fe and/or Co, M is selected from B, C, P, Al, Si, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pt, Au,

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=4&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=197&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 37
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

Pb, and Bi.

The invention claimed is:

1. A method for preparing a rare earth magnet comprising: providing a
R.sup.1-T-B sintered body comprising a R.sup.1.sub.2T.sub.14B compound as
a major phase wherein R.sup.1 is one or more element selected from rare earth
elements including Sc and Y and T is Fe and/or Co, providing an alloy powder
consisting of R.sup.2 and M wherein R.sup.2 is one or more element selected
from rare earth elements including Sc and Y and M is one or more element
selected from the group consisting of B, C, P, Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, In, Sn, Sb, Hf, Ta, W, Pt, Au, Pb, and Bi,
wherein the alloy powder is a quenched alloy powder obtained by quenching a
melt consisting of the R.sup.2 and the M, and the quenched alloy powder
consisting of an amorphous structure, applying the alloy powder onto the
surface of the sintered body, and then heating the sintered body and the alloy
powder in vacuum or an inert gas atmosphere at a temperature equal to or
lower than the sintering temperature of the sintered body for thereby causing
R.sup.2 element to diffuse into the sintered body.

2. The method of claim 1, wherein a majority of the R.sup.2 is selected from
the group consisting of Nd, Pr, Tb and Dy.

3. The method of claim 1, wherein the alloy powder has an average particle
size of 0.1 to 100 .mu.m.

4. The method of claim 1, wherein the R.sup.2 and M is enriched near grain
boundaries in the interior of the sintered body.

5. The method of claim 1, wherein the R.sup.2 and M is enriched near grain
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boundaries within the sintered body major phase grain.

Filed: 9,028,624 Assignee: NdFeB system sintered magnet and method for producing the same

December Intermetallics Co., Ltd.

27,2012 (Nakatsugawa, Japan) | Abstract

Issued: Provided is a NdFeB sintered magnet which can be used in the grain boundary

May 12, diffusion method as a base material in which R.sub.H can be easily diffused

2015 through the rare-earth rich phase and which itself has a high coercive force, a
high maximum energy product and a high squareness ratio, as well as a method

Expires: for producing such a magnet. A NdFeB system sintered has an average grain

December size of the main-phase grains magnet is equal to or smaller than 4.5 .mu.m, the

2032 carbon content of the entire NdFeB system sintered magnet is equal to or lower

than 1000 ppm, and the percentage of the total volume of a carbon rich phase
in a rare-earth rich phase at a grain-boundary triple point in the NdFeB system
sintered magnet to the total volume of the rare-earth rich phase is equal to or
lower than 50%.

The invention claimed is:

1. A NdFeB system sintered magnet, [presumptive composition of matter]
wherein: @) an average grain size of a main-phase grains in the NdFeB system
sintered magnet is equal to or smaller than 4.5 .mu.m; b) a carbon content of
the entire NdFeB system sintered magnet is greater than 0 ppm and equal to or
lower than 1000 ppm; and c) a percentage of a total volume of a carbon rich
phase in a rare-earth rich phase at a grain-boundary triple point in the NdFeB
system sintered magnet to a total volume of the rare-earth rich phase is greater
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than 0% and equal to or lower than 50%.

2. A method for producing [presumptive process/method] the NdFeB system
sintered magnet according to claim 1, comprising: a) a hydrogen pulverization
process for coarsely pulverizing a NdFeB system alloy by making the NdFeB
system alloy occlude hydrogen; b) a fine pulverization process for finely
pulverizing the coarsely pulverized NdFeB system alloy so that a grain size of
the alloy will be equal to or smaller than 3.2 .mu.m in terms of a median
D.sub.50 of a grain size distribution measured by a laser diffraction method;
and c) a press-less magnet-production process including a step of putting fine
powder of the NdFeB alloy into a filling container and a subsequent step of
orienting and sintering the fine powder as held in the filling container, wherein:
the fine pulverization process and the press-less magnet-production process are
performed without thermal dehydrogenation for desorbing the hydrogen
occluded in the hydrogen pulverization process; and the processes from the
hydrogen pulverization process through the press-less magnet-production
process are performed in an oxygen-free atmosphere.

Filed: 9,005,780 Assignee: Rare earth magnet, method for producing same and method for producing
March 28, TDK Corporation multilayer body
2005 (Tokyo, Japan)
Abstract
Issued: ) o ) _ o
April 14, The present invention aims to provide a rare earth magnet having sufficiently
2015 excellent anticorrosion property. The rare earth magnet 1 according to the
present invention to solve the above problems includes a magnet body 10
Expires: containing rare earth elements, a substantial amorphous layer 20 formed on a
March surface of the magnet body 10, and a protecting layer 30 on a surface of the
2025 amorphous layer 20, and the amorphous layer 20 contains material identical to
main component elements of magnet material contained in the magnet body
10.
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The invention claimed is:

1. A rare earth magnet comprising[presumptive composition of matter] : a
magnet body containing a rare earth element; an amorphous layer formed on a
surface of the magnet body and containing amorphous substance; and a
protecting layer formed on a surface of the amorphous layer, wherein the
magnet body is polycrystalline and contains polycrystal substance, a boundary
between the magnet body and the amorphous layer includes a region where the
polycrystal substance of the magnet body and the amorphous substance of the
amorphous layer are mixed, the amorphous layer has a film thickness from 0.3
to 10 .mu.m, the protecting layer consists of aluminum, the amorphous layer is
amorphized from a surface of the magnet body and contains an element
identical to a main component element of a magnet material contained in the
magnet body, a roughness Ra of a boundary between the magnet body and the
amorphous layer ranges from 1.27 to 1.45 .mu.m, a roughness Ra of a
boundary between the amorphous layer and the protecting layer ranges from
0.68 to 0.85 .mu.m, and a coefficient of thermal expansion of the magnet body
is substantially similar to a coefficient of thermal expansion of the amorphous

layer.
Filed: 8,986,568 Assignee: Sintered magnet and method for producing the sintered magnet
March 31, TDK Corporation
2011 (Tokyo, Japan) Abstract
Issued: The present invention aims to ensure strength of a thin-walled sintered magnet.
March 24, A sintered magnet is a ferrite sintered magnet made by sintering a magnetic
2015 material. A magnetic powder mixture obtained by mixing magnetic powder
with a binder resin is injection-molded into a mold with a magnetic field
Expires: applied thereto to produce a molded body, which is then sintered to produce
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March the sintered magnet. The sintered magnet has a thickness of 3.5 mm or less in
2031 the position of center of gravity thereof. The sintered magnet has a surface
roughness Rz of 0.1 .mu.m or more and 2.5 .mu.m or less. The surface
roughness Rz is a 10 point average roughness.

The invention claimed is:

1. A sintered magnet made by [presumptive process/method]: sintering a
magnetic material, the sintered magnet having a thickness of 3.5 mm or less in
the position of center of gravity thereof and a surface roughness Rz of 2.5
.mu.m or less, And the sintered magnet is a hard ferrite sintered magnet.

2. The sintered magnet according to claim 1, wherein the surface roughness Rz
is 0.1 .mu.m or more [presumptive composition of matter]. .

BACKGROUND

Sintered magnets are widely used for motors and the like mounted in
household electric appliances, automobiles, and the like. In recent years,
smaller and thinner-walled sintered magnets are sought after for requirements
for space saving, fuel economy improvement, and the like. In order to improve
strength of a ferrite sintered magnet, for example, Japanese Patent Application
Laid-Open No. 2002-353021 discloses a technique described below. In this
technique, powder to be molded is substantially composed of magnetic powder
obtained by powderizing a ferrite sintered magnet containing Fe, an element A,
an element R and an element M, or substantially composed of the magnetic
powder and raw material powder containing Fe, the element A, the element R
and the element M. ......

FIG. 5 is a flow chart illustrating a procedure of another method for producing

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 42
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

a sintered magnet according to the present embodiment. The sintered magnet
to be described below is a sintered metallic magnet, and particularly a rare-
earth sintered magnet having a composition of R--Fe--B (where R is a rare-
earth element). The sintered metallic magnet to which the method for
producing a sintered magnet according to the present embodiment can be
applied is not limited to this type. In the present embodiment, two or more
types of alloys are combined so as to obtain a final composition, and then
sintered to produce the sintered magnet. In the present embodiment, an alloy
(low R alloy) mainly composed of R.sub.2Fe.sub.14B crystal grains is
combined with an alloy containing a higher amount of R than the low R alloy
(high R alloy). However, three or more types of alloys can be combined.
Otherwise, the rare-earth sintered magnet can be produced from one type of
alloy. When the sintered magnet is produced using the method for producing
the sintered magnet according to the present embodiment, the low R alloy and
the high R alloy are prepared (step S21).

The low R alloy and the high R alloy are prepared, for example, using a strip
casting method. The strip casting method is preferably used because it can
improve magnetic characteristics by suppressing the crystal grains from
growing in the low R alloy and the high R alloy. The method for preparing the
low R alloy and the high R alloy is not limited to this method, but a casting
method (such as a centrifugal casting method) can be used. Next, the low R
alloy and the high R alloy are coarsely milled (step S22). In the present
embodiment, hydrogen milling or mechanical milling (such as disk milling) is
used for the coarse milling. However, the method for the coarse milling is not
limited to these methods.

In the case of performing the hydrogen milling in the present embodiment, the
low R alloy and the high R alloy are held in a hydrogen atmosphere for one
hour to five hours at a temperature between about room temperature and
100.degree. C. to allow the low R alloy and the high R alloy to occlude

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 43
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

hydrogen and to be milled. Thereafter, the low R alloy and the high R alloy are
heated to a temperature of 500.degree. C. to 600.degree. C., and held at that
temperature for about one hour to about ten hours so as to be dehydrogenated.
After the coarse milling is finished, the coarsely milled powders of the low R
alloy and the high R alloy are finely milled (step S23). In the present
embodiment, jet milling using an inert gas (such as N.sub.2 gas) is used (but
not limited thereto) for the fine milling. By the fine milling, low R alloy
powder is obtained from the low R alloy, and high R alloy powder is obtained
from the high R alloy.

The low R alloy powder and the high R alloy powder after being prepared are
mixed at a predetermined ratio (step S24). After the low R alloy powder and
the high R alloy powder are mixed, the powder mixture of the low R alloy
powder and the high R alloy powder is molded into a predetermined shape to
be produced as a molded body (step S25). In the molding of the powder
mixture, a predetermined molding pressure is applied to the powder mixture to
mold it. In this case, the molding is preferably performed in a magnetic field of
an intensity of 800 kA/m or more in order to orient the low R alloy powder and
the high R alloy powder. The molding pressure is preferably from about 10
MPa to about 500 MPa.

Thereafter, the molded body thus obtained is sintered (step S26). In the
sintering, the molded body obtained in step S25 is sintered in vacuum (reduced
pressure atmosphere) for a predetermined time at a predetermined temperature,
and thus, a sintered body is obtained. For example, the sintering temperature is
set in the range from 1000.degree. C. to 1100.degree. C., and the molded body
is sintered for about one hour to about ten hours. A short sintering time
increases variability in density and magnetic characteristics of the obtained
sintered body while a too long sintering time reduces the productivity of the
sintered magnet. Therefore, the sintering time is determined by considering a
balance between the variability and the productivity.
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After the sintering process is finished, an aging treatment is applied to the
sintered body in air, or preferably, in an inert gas atmosphere (step S27). The
aging treatment is a treatment of adjusting the magnetic characteristics of the
sintered magnet to be obtained by holding the sintered body for a
predetermined time at a temperature lower than the sintering temperature and
thus by adjusting a structure of the sintered body. The aging treatment is
applied under appropriate conditions so as to obtain high magnetic
characteristics (such as a coercive force HcJ and a good squareness). The aging
treatment can be applied in two stages. In this case, the aging temperature is
kept at 700.degree. C. to 900.degree. C. at the first stage, and at 450.degree. C.
to 600.degree. C. at the second stage, and the sintered body is held in each of
the temperature ranges for one hour to ten hours.

The sintered body after finishing the aging treatment is processed as necessary
(step S28). The sintered magnet according to the present embodiment needs to
be made to have a surface roughness Rz of 2.5 .mu.m or less before being
subjected to a surface treatment. For this reason, the sintered body after
finishing the aging treatment and necessary processing is ground on surfaces
thereof as necessary so as to have the surface roughness Rz of 2.5 .mu.m or
less, and thus is made to be a sintered magnet. This sintered magnet has the
surface roughness Rz of 2.5 .mu.m or less, and thus is ensured to have a
sufficient strength even if it is thin-walled. A surface treatment (such as plating
or resin coating) for suppression of corrosion is applied to the sintered magnet
having the surface roughness Rz of 2.5 .mu.m or less. The sintered magnet is
then magnetized.

In the molding process (step S25), the molded body may be obtained by
injection molding. In this case, the molded body is produced in the following
manner. First, the low R alloy powder and the high R alloy powder prepared
by the procedure up to step S24 are mixed at a predetermined ratio to obtain
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magnetic powder. The obtained magnetic powder is mixed with a binder resin,
a wax, a lubricant, and a plasticizer, and then kneaded with a kneader for a
predetermined time (about two hours) at a temperature of about 150.degree. C.
to obtain a kneaded mixture. This kneading is the same as the kneading
performed in step S16 described above. The obtained kneaded mixture is
molded with a pelletizer (such as a twin taper single extruder). Thus, pellets
(magnetic powder mixture) in which the magnetic powder is dispersed in the
binder resin are obtained. The obtained pellets are injection-molded to obtain a
magnetic powder molded body. The injection molding is the same as that
performed in step S17 described above.

As described above, by setting the surface roughness Rz to 2.5 .mu.m or less,
the sintered magnet according to the present embodiment can be ensured to
have a sufficient strength even if it is thin-walled. In the method for producing
a sintered magnet according to the present embodiment, the magnetic powder
mixture that is a mixture of the magnetic powder and the binder resin is
injection-molded into the mold, and the mold has a surface roughness of 3.0
.mu.m or less on the surface thereof in contact with the magnetic powder
mixture. The sintered magnet having the surface roughness Rz of 2.5 .mu.m or
less can easily be produced by sintering a molded body obtained from such a
mold.

In the case of production of the ferrite sintered magnet among types of sintered
magnet, Si and the like are sometimes added as an auxiliary agent in the
middle of the process. However, after sintering, most of these elements gather
at crystal grain boundaries of the sintered magnet, and hardly appear on the
surface. The rare-earth sintered magnet is subjected to the aging treatment
after the sintering. However, the temperature of the aging treatment is lower
than a temperature required for forming a heterogeneous phase in a glass state
containing Si and the like. In addition, the ferrite sintered magnet is not
generally subjected to a heat treatment after the sintering. Therefore, in the
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sintered magnet, the surface roughness Rz cannot be reduced by making the
heterogeneous phase appear on the surface of the sintered magnet.
Accordingly, in order to ensure the strength of the thin-walled sintered magnet,
it is necessary to reduce the surface roughness Rz of the sintered magnet itself
without making the heterogeneous phase appear on the surface thereof.

Filed: Dec | 8,981,888 Assignee: Magnetic body
19, 2011 TDK Corporation

(Tokyo, Japan) Abstract
Issued: A magnetic body which can reversibly change its magnetic force with a small
March 17, external magnetic field while having a high residual magnetic flux density is
2015 provided. The magnetic body of the present invention has a residual magnetic

flux density Br of at least 11 kG and a coercive force HcJ of 5 kOe or less,

Expires: while an external magnetic field required for the residual magnetic flux density
Dec. 2031 Br to become 0 is 1.10 HcJ or less.

The invention claimed is:

1. A magnetic body comprising: a residual magnetic flux density Br of at least
11 kG; and a coercive force HcJ of 5 kOe or less; wherein an external magnetic
field required for the residual magnetic flux density Br to become 0 is 1.049
HcJ or less [presumptive composition of matter.

2. A magnetic body according to claim 1, further comprising a rare-earth
element R, a transition metal element T, and boron B [presumptive
composition of matter].

3. A magnetic body comprising: a residual magnetic flux density Br of at least
11 kG; and a coercive force Hcl of 5 kOe or less; wherein an external magnetic
field required for the residual magnetic flux density Br to become 0 is 1.10 HcJ
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or less, and wherein said magnetic body includes crystal particles having a
rare-earth element R, a transition metal element T, and boron B, and the
content of Cu in said particles is 0.5 to 0.6 atom % to the total atoms present
within said crystal particles.

4. A magnetic body according to claim 1, wherein the content of Cu in said
magnetic body to the total mass of said magnetic body is 1.0 to 1.25 mass %.

Filed: 8,980,116 Assignee: Ferrite sintered magnet
February
27, 2008 TDK Corporation Abstract
(Tokyo, Japan) : : : : :

Issued: A sintered ferrite magnet having a ferrite phase with a hexagonal structure as
March 17, the main phase, wherein the composition of the metal elements composing the
2015 main phase is represented by the following general formula (1):

R.sub.xCa.sub.mA.sub.1-x-m(Fe.sub.12-yM.sub.y).sub.z: (1), x, m, yand z in
Expires: formula (1) satisfying all of the conditions represented by the following
February formulas (2)-(6): 0.2.1toreq.x.ltoreq.0.5: (2) 0.13.ltoreq.m.ltoreq.0.41: (3) 0.7x-
2028 m.ltoreq.0.15: (4) 0.18.ltoreq.yz.ltoreq.0.31: (5) 9.6.ltoreq.12z.1toreq.11.8: (6),

and wherein the density of the sintered ferrite magnet is at least 5.05
g/cm.sup.3, and the crystal grains of the sintered ferrite magnet satisfy all of
the conditions represented by the following formulas (7) and (8), where L
.mu.m is the average for the maximum value and S .mu.m is the average for
the minimum value among the diameters passing through the center of gravity
of each grains in the crystal cross-section parallel to the c-axis direction of
hexagonal structures. L.ltoreq.0.95: (7) 1.8.ltoreq.L/S.Itoreq.2.5: (8).

The invention claimed is:

1. A sintered ferrite magnet having a ferrite phase with a hexagonal structure
as the main phase, wherein the composition of the metal elements composing
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the main phase is represented by the following general formula [presumptive
composition of matter], (1): R.sub.xCa.sub.mA.sub.1-x-m(Fe.sub.12-
yM.sub.y).sub.z: (1) wherein R represents at least one element selected from
the group consisting of La, Ce, Pr, Nd and Sm and including La as an essential
component, A represents Sr and/or Ba, and M represents at least one element
selected from the group consisting of Co, Zn, Ni, Mn, Al and Cr and including
Co as an essential component, x, m, y and z in formula (1) satisfying all of the
conditions represented by the following formulas (2), (3), (4), (5) and (6):
0.2.Itoreq.x.1toreq.0.5: (2) 0.13.Itoreq.m.ltoreq.0.41: (3) 0.7x-m.ltoreq.0.15: (4)
0.18.Itoreq.yz.ltoreq.0.31: (5) 9.6.ltoreq.12z.ltoreq.11.8: (6), wherein the
density of the sintered ferrite magnet is at least 5.05 g/cm.sup.3, and the crystal
grains of the sintered ferrite magnet satisfy all of the conditions represented by
the following formulas (7) and (8), where L .mu.m is the average for the
maximum value and S .mu.m is the average for the minimum value among the
diameters passing through the center of gravity of each grains in the crystal
cross-section parallel to the c-axis direction of hexagonal structures,
L.ltoreq.0.95: (7) 1.8.Itoreq.L/S.ltoreq.2.5: (8).

2. The sintered ferrite magnet according to claim 1, wherein the sintered ferrite
magnet is formed from a finely milled material having a mean particle size of
0.1-0.3.mu.m. [presumptive composition of matter]

BACKGROUND ART

Hexagonal Ba ferrite and Sr ferrite are known in the prior art as magnetic
materials for use in sintered ferrite magnets. In recent years, magnetoplumbite
(M-type) Ba ferrite and Sr ferrite have become the most commonly used
ferrites. M-type ferrite is represented by the general formula
AFe.sub.120.sub.19, with Ba or Sr as the element represented by A. M-type
ferrites, wherein the element represented by A is Sr with a portion thereof
being replaced with a rare earth element and a portion of the Fe being replaced
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with Co, are known to exhibit excellent magnetic properties including residual
flux density and coercive force (for example, see Patent documents 1 and 2).
Such M-type ferrites must contain La as the rare earth element. This is because
La is the rare earth element that has the highest solubility limit for hexagonal
M-type ferrite. Patent documents 1 and 2 also teach that using La as a
substitute element for the element represented by A can increase solubility of
the Co which is substituting for a portion of the Fe, thus enhancing the
magnetic properties as a result.

Filed: 8,961,868 Assignee: Nanocomposite bulk magnet and process for producing same

March 30, Hitachi Metals, Ltd.

2010 (Tokyo, Japan) Abstract

Issued: In a nanocomposite bulk magnet according to the present invention,

February nanocomposite magnet powder particles, including an Nd.sub.2Fe.sub.14B

242015 crystalline phase and an .alpha.-Fe phase, are combined together. The
composition of the magnet is represented by T.sub.100-x-y-z-n(B.sub.1-

Expires: 0C.sub.qg).sub.xR.sub.yTi.sub.zM.sub.n, where T is at least one transition metal

March element selected from the group consisting of Fe, Co and Ni and always

2030 including Fe, R is at least one rare-earth element including substantially no La

or Ce, M is an additive metallic element, and X, y, z, n and q satisfy 4 at
%.ltoreq.x.Itoreq.10 at %, 6 at %.ltoreq.y.ltoreq.10 at %, 0.05 at
%.ltoreq.z.ltoreq.5 at %, 0 at %.ltoreq.n.ltoreq.10 at %, and
0.Itoreq.q.ltoreq.0.5, respectively. The powder particles have a minor-axis size
of less than 40 .mu.m. And powder particles, of which the major-axis size
exceeds 53 .mu.m, account for at least 90 mass % of the entire magnet. And
those powder particles are directly combined with each other. Consequently, a
full-dense magnet, of which the density is 96% or more of the true density of
its material alloy, is realized.

The invention claimed is:
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1. A method for producing [presumptive process/method] a nanocomposite
bulk magnet, the method comprising the steps of: providing a melt of an alloy
having a composition represented by the compositional formula: T.sub.100-x-
y-z-n(B.sub.1-qC.sub.q).sub.xR.sub.yTi.sub.zM.sub.n, where T is at least one
transition metal element that is selected from the group consisting of Fe, Co
and Ni and that always includes Fe, R is at least one rare-earth element
including substantially no La or Ce, and M is at least one metallic element
selected from the group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb,
Mo, Ag, Hf, Ta, W, Pt, Au and Pb, and the mole fractions X, y, z, nand g
satisfy the inequalities of: 4 at %.ltoreq.x.ltoreq.10 at %, 6 at
%.ltoreq.y.ltoreq.10 at %, 0.05 at %.ltoreq.z.Itoreq.5 at %, O at
%.ltoreq.n.ltoreq.10 at %, and 0.ltoreq.q.ltoreq.0.5, respectively, quenching the
melt to make a rapidly solidified alloy, at least 30 vol % of which is crystalline
phases that include an R.sub.2T.sub.14B phase and an .alpha.-Fe phase and
that have an average crystal grain size of 100 nm or less and the balance of
which is amorphous phases and which has a thickness of less than 40 .mu.m;
pulverizing the rapidly solidified alloy, thereby obtaining a powder, at least 90
mass % of which is accounted for by powder particles with a major-axis size of
more than 53 .mu.m; and compacting the powder while heating and pressing
the powder, thereby making a bulk body in which nanocomposite magnet
powder particles including the R.sub.2T.sub.14B phase and the .alpha.-Fe
phase are combined together and of which the density is 96% or more of the
true density of the alloy.

2. The method of claim 1, [presumptive process/method] wherein the step of
quenching the melt includes quenching the melt at a quenching rate of
5.times.10.sup.4.degree. C./s to 5.times.10.sup.7.degree. C./s.

3. The method of claim 1, wherein the step of quenching the melt includes
controlling the standard deviation .sigma. of the thickness of the rapidly
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solidified alloy to 4 .mu.m or less.

4. The method of claim 1, wherein the step of compacting includes
crystallizing the amorphous phases of the powder particles, thereby forming a
nanocomposite magnet structure, 5 vol % to 60 vol % of which is accounted
for by an .alpha.-Fe phase with an average crystal grain size of 1 nm to 50 nm
and 40 vol % to 95 vol % of which is accounted for by an R.sub.2T.sub.14B
phase with an average crystal grain size of 5 nm to 100 nm.

Filed: 8,961,712 Assignee: Rare earth based sintered magnet

August 2, TDK Corporation

2012 (Tokyo, Japan) Abstract

Issued: The present invention provides a rare earth based sintered magnet. The magnet

February is a rare earth based permanent magnet with a R-T-B (R represents one or

242015 more elements selected from Y and rare earth elements, T represents one or
more metal elements including Fe or the combination of Fe and Co, and B

Expires: represents B or the combination of B and C) based composition. When a R-

August rich phase (R represents rare earth element(s)) with atomic ratio of

2032 (Fe+Co)/(LR+HR+Fe+Co).ltoreq.0.2 (LR represents Y and light rare earth

element(s) selected from .sup.57La to .sup.63Eu, and HR represents heavy rare
earth element(s) selected from .sup.64Gd to .sup.71Lu) is present in the grain
boundary triple point, a region with HR/(LR+HR).gtoreq.0.01 (atomic ratio) is
present in the R-rich phase, and the region with HR/(LR+HR).gtoreq.0.01
accounts for 10% to 90% of the area of the grain boundary triple point.

What is claimed is:

1. A rare earth based sintered magnet, wherein, it is a rare earth based
permanent magnet having a R-T-B based composition [presumptive
composition of matter] , wherein, R represents one or more elements selected
from Y and rare earth elements, T represents one or more metal elements
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containing Fe or the combination of Fe and Co, and B represents B or the
combination of B and C, a R-rich phase with the atomic ratio of
(Fe+Co)/(LR+HR+Fe+Co).ltoreq.0.2 is present in the grain boundary triple
point, and a region with the atomic ratio of HR/(LR+HR).gtoreq.0.01 is present
in the R-rich phase and accounts for 10% to 90% of the area of the grain
boundary triple point, wherein, LR represents one or more elements selected
from Y and the light rare earth elements from .sup.57La to .sup.63Eu, and HR
represents one or more elements selected from the heavy rare earth elements
from .sup.64Gd to .sup.71Lu, said LR at least contains Nd or Pr, and said HR
at least contains Dy or Tb.

2. The rare earth based sintered magnet according to claim 1, wherein, when
the magnet was observed via an electron probe microanalyzer (EPMA) in a
visual field of 10-100 .mu.m.times.10-100 .mu.m, the CV value of the
detection signal of HR in the visual filed excluding the 50 .mu.m part of the
surface layer of the magnet ranges from 0.15 to 0.5, and the CV value is
obtained by dividing the standard deviation of all analysis points by the
arithmetic mean of all analysis points.

3. The rare earth based sintered magnet according to claim 1, wherein, the
content of R is 25 mass % or more and 35 mass % or less, the content of B is
0.9 mass % or more and 1.1 mass % or less, and the balance is the composition
substantially containing T. [presumptive composition of matter]

4. The rare earth based sintered magnet according to claim 2, wherein, the
content of R is 25 mass % or more and 35 mass % or less, the content of B is
0.9 mass % or more and 1.1 mass % or less, and the balance is the composition
substantially containing T.

Filed: 8,945,318 Assignee: R-Fe-B type rare earth sintered magnet and process for production of the same
April 26, Hitachi Metals, Ltd.
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2012 (Tokyo, Japan) Abstract
In an R--Fe--B based rare-earth sintered magnet according to the present
Issued: invention, at a depth of 20 .mu.m under the surface of its magnet body, crystal
February 3, grains of an R.sub.2Fe.sub.14B type compound have an (RL.sub.1-
2015 XRH.sub.x).sub.2Fe.sub.14B (where 0.2.ltoreq.x.ltoreq.0.75) layer with a
thickness of 1 nm to 2 .mu.m in their outer periphery. In this case, the light
Expires: rare-earth element RL is at least one of Nd and Pr, and the heavy rare-earth
April 2032 element RH is at least one element selected from the group consisting of Dy,
Ho and Th.

The invention claimed is:

1. An R--Fe--B based rare-earth sintered magnet comprising [composition of
matter] an R--Fe--B based rare-earth sintered magnet body that includes, as a
main phase, crystal grains of an R.sub.2Fe.sub.14B type compound, including
a light rare-earth element RL, which is at least one of Nd and Pr, as a major
rare-earth element R, and a heavy rare-earth element RH, which is at least one
element selected from the group consisting of Dy, Ho and Th, wherein at a
depth of 20 .mu.m under the surface of the R--Fe--B based rare-earth sintered
magnet body, the crystal grains of the R.sub.2Fe.sub.14B type compound
include an RH diffused layer at an outer periphery of the crystal grains, the RH
diffused layer having an average thickness of 2 .mu.m or less and having a
composition of (RL.sub.1-xRH.sub.x).sub.2Fe.sub.14B, where
0.2.ltoreq.x.ltoreq.0.75, wherein at a depth of 500 .mu.m under the surface of
the R--Fe--B based rare-earth sintered magnet body, the crystal grains of the
R.sub.2Fe.sub.14B type compound have an RH diffused layer with an average
thickness of 0.5 .mu.m or less in their outer periphery, wherein the surface of
the R--Fe--B based rare-earth sintered magnet body is a machined surface that
is not covered with a metal layer of the heavy rare-earth element RH and that is
a surface of the R--Fe--B based rare-earth sintered magnet body, from which
its surface portion has already been removed after the heavy rare-earth element
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RH has been introduced into the R--Fe--B based rare-earth sintered magnet
body from outside of the R--Fe--B based rare-earth sintered magnet body,
wherein the R--Fe--B based rare-earth sintered magnet body has a size of 1
mm to 4 mm as measured in a thickness direction, wherein a difference
.DELTA.H.sub.cJ1 in coercivity is 150 kA/m or less between: the entire R--Fe-
-B based rare-earth sintered magnet body; and a portion of the R--Fe--B based
rare-earth sintered magnet body below a distance of 200 .mu.m from the
surface of the R--Fe--B based rare-earth sintered magnet body, and wherein the
magnet has an RH-RL-O compound in at least one grain boundary triple
junction, which is located at a depth of 100 .mu.m or less under the surface of
the R--Fe--B based rare-earth sintered magnet body.

Filed: 8,907,755 Assignee: R-T-B-based rare earth magnet particles, process for producing the R-T-B-
March 15, based rare earth magnet particles, and bonded magnet
2013 Toda Kogyo
Corporation (Otake- Abstract

Issued: shi, Hiroshima-ken, R-T-B-based rare earth magnet particles are produced by an HDDR treatment
December Japan) which comprises a first stage HD step of heating particles of a raw material
9,2014 alloy having a composition of R, B and Co in an inert atmosphere or in a

vacuum atmosphere and then replacing the atmosphere with a hydrogen-
Expires: containing gas atmosphere in which the raw material alloy particles are held in
March the same temperature range and a second stage HD step of heating a material
2033 obtained in the first stage HD step in which the material is held in the

hydrogen-containing gas atmosphere.
What is claimed is:

1. A process for producing R-T-B-based rare earth magnet particles
[process/method] by HDDR treatment, comprising: a first stage HD step of
heating particles of a raw material alloy to a temperature range of not lower
than 770.degree. C. and not higher than 820.degree. C. in an inert atmosphere
or in a vacuum atmosphere and then replacing the atmosphere with a
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hydrogen-containing gas atmosphere in which the raw material alloy particles
are held in the same temperature range for not shorter than 30 min and not
longer than 150 min, said raw material alloy comprising R (wherein R
represents at least one rare earth element including Y), T (wherein T represents
Fe, or Fe and Co) and B (wherein B represents boron), and having a
composition comprising R in an amount of not less than 12.5 atom % and not
more than 14.3 atom %, B in an amount of not less than 4.5 atom % and not
more than 7.5 atom % and Co in an amount of not more than 10 atom %; and a
second stage HD step of heating a material obtained in the first stage HD step
again to a temperature range of not lower than 830.degree. C. and not higher
than 870.degree. C. in which the material is held in the hydrogen-containing
gas atmosphere for not shorter than 60 min and not longer than 240 min.

2. The process for producing R-T-B-based rare earth magnet particles
according to claim 1, wherein the raw material alloy further comprises Ga and
Zr, and has a composition comprising Ga in an amount of not less than 0.1
atom % and not more than 1.0 atom % and Zr in an amount of not less than
0.05 atom % and not more than 0.15 atom %.

3. R-T-B-based rare earth magnet particles comprising [composition of
matter] R (wherein R represents at least one rare earth element including Y),
T (wherein T represents Fe, or Fe and Co) and B (wherein B represents boron),
and having a composition comprising R in an amount of not less than 12.5
atom % and not more than 14.3 atom %, B in an amount of not less than 4.5
atom % and not more than 7.5 atom % and Co in an amount of not more than
10.0 atom %, in which a squareness (H.sub.k/H.sub.cJ) of a demagnetization
curve of the R-T-B-based rare earth magnet particles is not less than 0.5, and a
difference DB.sub.r between a residual magnetic flux density (B.sub.r106) of
oversize particles obtained therefrom using a sieve of sieve opening 106 mm
and a residual magnetic flux density (B.sub.r38) of undersize particles obtained
therefrom using a sieve of sieve opening 38 mm is not more than 0.02T.
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4. A bonded magnet comprising the R-T-B-based rare earth magnet particles as
defined in claim 3

Filed: 8,866,574 Assignees: Rare earth magnet and process for producing same
March 8,
2012 Kabushiki Kaisha Abstract
Toyota Chuo
Issued: Kenkyusho A process for producing a rare earth magnet comprises: an adhesion step of
October causing a diffusion element capable of diffusing inwardly to adhere to the
21,2014 Toyota Jidosha surface part of a magnet material comprising a compact or sintered body of
Kabushiki Kaisha rare earth alloy particles; and an evaporation step of heating the magnet
Expires: material in vacuum to evaporate at least a portion of the diffusion element
October (Nagakute-shi, Japan) | having been retained on or in the surface part of the magnet material.
2032

The invention claimed is:

1. A process for producing [process/method] a rare earth magnet, the process
comprising: an adhesion step of causing a diffusion element capable of
diffusing inwardly to adhere to a surface part of a magnet material comprising
a compact or sintered body of rare earth alloy particles; and an evaporation
step of heating the magnet material in vacuum to evaporate at least a portion of
the diffusion element having been retained on or in the surface part of the
magnet material, wherein: the adhesion step is a vapor deposition step that
causes heated magnet material and heated diffusion material including the
diffusion element to come close to each other in vacuum and exposes the
magnet material to a vapor of the diffusion element evaporated from the
diffusion material thereby to vapor deposit the diffusion element on the surface
of the magnet material; the evaporation step is a step that, subsequently to the
vapor deposition step, heats the magnet material in vacuum without cooling the
magnet material to room temperature region; and the adhesion step and the
evaporation step are repeated in this order
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Filed: 8846136 Assignee Production method of rare earth magnet
Sept 13, Toyota Jidosha
2011 Kabushiki Kaisha ABSTRACT
Provides a production method of an anisotropic rare earth magnet capable of
Issued: (Tokyo, Japan) being enhanced in coercivity without adding a large amount of a rare metal
Sep 30, such as Dy and Th. A production method of a rare earth magnet, comprising a
2014 step of bringing a compact obtained by applying hot working to impart
anisotropy to a sintered body having a rare earth magnet composition into
Expires: contact with a low-melting-point alloy melt containing a rare earth element.
Sept 2031

The invention claimed is:

1. A production method [process/method] of a rare earth magnet, comprising
a step of bringing a compact obtained by applying hot working to impart
anisotropy to a sintered body having a rare earth magnet composition into
contact with a low-melting-point alloy melt containing a rare earth element,
wherein said low-melting-point alloy melt containing a rare earth element is
composed of an alloy having a melting point of less than 700° C. but not less
than 480° C., and wherein the resulting rare earth magnet has a coercivity (Hc)
of 17.5 kOe or greater at 300 k.

Filed: 8,845,821 Assignee: Process for production of R-Fe-B-based rare earth sintered magnet, and steam
July 8, control member
2010 Hitachi Metals, Ltd.
Abstract
Issued: (Tokyo, Japan)
September A sintered R--Fe--B based rare-earth magnet body 1 including, as a main
30, 2014 phase, crystal grains of an R.sub.2Fe.sub.14B type compound that includes a
light rare-earth element RL, which is Nd and/or Pr, as a major rare-earth
Expires: element R is provided. A bulk body 2 including a heavy rare-earth element
September RH, which is at least one of Dy, Ho and Tb is also provided. The sintered
2030 magnet body 1 and the bulk body 2 are arranged in a processing chamber 4
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with a vapor control member 3 interposed between the sintered magnet body 1
and the bulk body 2. And the inside of the processing chamber 4 is heated to a
temperature of 700.degree. C. to 1000.degree. C., thereby diffusing the heavy
rare-earth element RH inside the sintered magnet body 1 while supplying the
heavy rare-earth element RH from the bulk body 2 to the surface of the
sintered magnet body 1 via the vapor control member 3.

The invention claimed is:

1. A method for producing [process/method] a sintered R--Fe--B based rare-
earth magnet, the method comprising the steps of: providing a sintered R--Fe--
B based rare-earth magnet body including, as a main phase, crystal grains of an
R.sub.2Fe.sub.14B type compound that includes a light rare-earth element RL,
which is at least one of Nd and Pr, as a major rare-earth element R; providing a
bulk body including a heavy rare-earth element RH, which is at least one
element selected from the group consisting of Dy, Ho and Tb; arranging the
sintered R--Fe--B based rare-earth magnet body and the bulk body in a
processing chamber with a vapor control member interposed between the
sintered R--Fe--B based rare-earth magnet body and the bulk body; and heating
the inside of the processing chamber to a temperature of 700.degree. C. to
1000.degree. C., thereby diffusing the heavy rare-earth element RH into the
sintered R--Fe--B based rare-earth magnet body while supplying the heavy
rare-earth element RH from the bulk body to the surface of the sintered R--Fe--
B based rare-earth magnet body via the vapor control member, wherein the
vapor control member includes: an upper surface and a lower surface; a
plurality of openings, which communicate between the upper and lower
surfaces; and a wall portion, which defines the openings, and wherein the wall
portion has a thickness of 0.5 mm or less, each said opening of the vapor
control member has a depth of 1 mm to 10 mm, D/A is equal to or smaller than
8 mm.sup.-1, where each said opening of the vapor control member has an area
of A [mm.sup.2] and a depth of D [mm], and in the step of heating, a gap
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between the sintered R--Fe--B based rare-earth magnet body and the vapor
control member is set to be within a range of 0 mm to 10 mm, a gap between
the vapor control member and the bulk body is set to be within a range of 0
mm to 10 mm, and a gap between the sintered R--Fe--B based rare-earth
magnet body and the bulk body is set to be 10 mm or less.

Filed: 8,823,478 Assignee: Rare earth sintered magnet, method for producing same, motor and automobile

March 28,

2011 TDK Corporation Abstract

Issued: (Tokyo, JP) A rare earth sintered magnet 10 including a magnet body that includes a rare

September earth compound, and a protective layer on the magnet body, having a first layer

2,2014 and a second layer in that order from the magnet body side, wherein the
surface portion of the magnet body has a higher heavy rare earth element

Expires: content than the interior of the magnet body that is surrounded by the surface

September portion, the first layer includes a rare earth oxide, the mass ratio of the heavy

2031 rare earth element being 1 or greater with respect to the light rare earth

element, and the second layer includes an oxide containing iron and/or boron
which is different from the rare earth oxide, the second layer having a lower
rare earth oxide content than the first layer.

The invention claimed is:

1. A rare earth sintered magnet comprising [composition of matter] : a
magnet body that includes a rare earth compound; and a protective layer on the
magnet body, the protective layer having a first layer and a second layer in that
order from the magnet body, wherein a surface portion of the magnet body has
a higher heavy rare earth element content than a heavy rare earth element
content of an interior portion of the magnet body, the interior portion
surrounded by the surface portion, the first layer comprises a rare earth oxide
having a heavy rare earth element and a light rare earth element, a mass ratio
of the heavy rare earth element being 1 or greater as compared to the light rare
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earth element of the first layer, the second layer comprises an oxide containing
at least one of iron boron which is different from the rare earth oxide, and the
second layer has a lower rare earth oxide content than the first layer.

2. The rare earth sintered magnet according to claim 1, wherein the second
layer contains essentially no rare earth oxide.

Filed: 8,821,649 Assignee: Magnetic material and motor using the same

February

17,2011 Hitachi, Ltd. Abstract

Issued: (Tokyo, Japan) Characteristics of a magnetic material are improved without using a heavy rare

September earth element as a scarce resource. By incorporating fluorine into a magnetic

2,2014 powder and controlling the crystal orientation in crystal grains, a magnetic
material securing magnetic characteristics such as coercive force and residual

Expires: flux density can be fabricated. As a result, the resource problem with heavy

September rare earth elements can be solved, and the magnetic material can be applied to

2031 magnetic circuits that require a high energy product, including various rotating

machines and voice coil motors of hard discs.
What is claimed is:

1. A magnetic material comprising [composition of matter] a main phase
comprising fluorine and a magnetic powder, the magnetic powder comprising
at least one crystal grain having a uniform crystal structure and an angular
difference in crystal orientation of 45.degree. or less in average in the crystal
structure, wherein the magnetic material is obtained by a fluorination reaction
of the magnetic powder at a temperature from 50.degree. to less than
500.degree. C. in an atmosphere of a fluorine-containing gas generated by
decomposing a member selected from the group consisting of ammonium
fluoride, xenon fluoride, ammonium hydrogen fluoride, ammonium acid

This work is supported by the Critical Materials Institute, an Energy Innovation Hub funded

( CM I Critical Materials Institute by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,

AN ENERGY INNOVATION HUB Advanced Manufacturing Office. This table is © 2-8-2016. The newest Table is online at
https://cmi.ameslab.gov/resources/magnet-table.



https://cmi.ameslab.gov/resources/magnet-table
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=3&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=134&f=G&l=50&co1=AND&d=PTXT&s1=%22rare+earth%22&s2=magnet&OS=%22rare+earth%22+AND+magnet&RS=%22rare+earth%22+AND+magnet

U.S. Rare Earth Magnet Patents Table © 2-8-2016 page 61
Disclaimer: This U.S. Rare Earth Magnet Patents Table contains a sample of the rare earth-magnet patents issued by the U.S. Patent and Trademark Office. It

was created with key word searching. The Table is not all inclusive of U.S. magnet patents and does not include foreign patents. Some cells in the Table contain
estimates, approximations or assessments. Please consult with a professional patent attorney or patent agent, possessing license to represent clients before the
United States Patent and Trademark Office, before proceeding from informal patent database searches to formal patent actions.

fluoride, salts composed of an amine and hydrogen fluoride, and krypton
fluoride, wherein the magnetic powder comprises at least two compositions of
fluoride; fluorine atoms are disposed at interstitial positions of iron or at
interstitial positions of a transition metal element excluding iron and a rare
earth element; and the composition formula is represented by:
RE.sub.x(Fe.sub.sM.sub.T).sub.YF.sub.Z+RE.sub.U(Fe.sub.SM.sub.T).sub.VF
.5- ub.W wherein RE denotes a rare earth element, M denotes a transition metal
element excluding iron and a rare earth element, F denotes fluorine, X, Y, Z, S,
T, U, V and W are positive numbers, (Fe.sub.sM.sub.T).sub.YF.sub.Z
represents a composition of a central portion of the magnetic powder,
(Fe.sub.SM.sub.T)F.sub.W represents a composition of a surface of the
magnetic powder, X<Y, Z<Y, S>T, U<V, W<V and Z<W, and wherein the
compositions of fluoride satisfy X<Y/10, Z<3, Z<Y/4, T<0.4 and S>T; and a
volume proportion of a phase other than the main phase comprising fluorides
and oxy-fluorides exhibiting no ferromagnetism and having a body-centered
tetragonal or hexagonal structure is 0.01 to 10% with respect to the main
phase.

2. The magnetic material according to claim 1, wherein fluorine atoms are
disposed at interstitial positions of a crystal lattice of the magnetic powder; and
the magnetic powder has a higher fluorine concentration in a surface of the
magnetic powder than in a central portion of the magnetic powder or has a
larger crystal lattice in the surface than in the central portion.

3. The magnetic material according to claim 1, wherein the magnetic material
comprises the main phase further comprising a transition metal element.

4. The magnetic material according to claim 3, wherein the transition metal
element is at least one selected from the group consisting of Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zr, Nb and Mo.
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5. The magnetic material according to claim 1, wherein the magnetic powder
comprises at least two compositions of fluoride; fluorine atoms are disposed at
interstitial positions of iron or at interstitial positions of a transition metal
element excluding iron and a rare earth element; and the composition formula
is represented by:
(Fe.sub.SM.sub.T).sub.YF.sub.Z+(Fe.sub.UM.sub.V).sub.WF.sub.X wherein
M denotes a transition metal element excluding iron and a rare earth element, F
denotes fluorine, (Fe.sub.SM.sub.T).sub.YF.sub.Z represents a composition of
a central portion of the magnetic powder, (Fe.sub.UM.sub.V).sub.WF.sub.X
represents a composition a surface of the magnetic powder, Z<Y, X<W and
Z<X.

6. The magnetic material according to claim 5, wherein the compositions of
fluoride satisfy S>T and U>V.

7. The magnetic material according to claim 1, wherein the main phase further
comprises Re.sub.1Fe.sub.mN.sub.n, wherein Re is a rare earth element, and I,
m and n are positive integers; Re.sub.1Fe.sub.mC.sub.n, wherein Re is a rare
earth element, and |, m and n are positive integers; Re.sub.1Fe.sub.mB.sub.n,
wherein Re is a rare earth element, and I, m and n are positive integers;
Re.sub.1Fe.sub.m, wherein Re is a rare earth element, and | and m are positive
integers; or M.sub.